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Sir Clifford Paterson, O.B.E., D.Sc., F.R.S. 


THE death of Clifford Copland Paterson on July 26th, 1948, is a loss to the scientific and 
engineering circles not only of this country, but of the world. Particularly is the loss 
felt heavily by all who worked with him in the G.E.C., with which he had been asso- 
ciated for the past thirty years and where his particular genius and abilities had grown to 
full maturity. 


Having studied at Finsbury Technical College under Sylvanus Thompson and at 
Faraday House under Dr. Alexander Russell, Paterson subsequently joined the National 
Physical Laboratory, and served with Richard Glazebrook there for sixteen years. Whilst 





at the N.P.L. he was responsible for much original work and during the 1914-18 War he 
participated in the development of the Paterson-Walsh electrical aircraft height finder. 
For this and other services he was awarded the O.B.E. 


Then, in 1919, Paterson, at the invitation of the late Lord Hirst, undertook the 
creation of the G.E.C. Research Laboratories. His earlier career had well prepared him 
for this new work, a work which as it developed was to have a profound effect on the 
part that a Research Organisation should play in his own Company and in industry 
generally. The problem as he saw it was not only to create the right atmosphere in which 
the scientific worker could give of his best, but also to create the right atmosphere 
within industry for the acceptance and proper utilization of the fruits of such effort. 
Looking beyond industry, he believed that an Industrial Research Organisation had an 
important part to play in the life of the nation as well. That belief found its fullest 
justification during the years from 1939 to 1945. 
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The activities of the G.E.C. Research Laboratories, under his guidance, came to cover 
an immense field. The directing of so great and varied an effort called for very special 
qualities and happily Paterson possessed in a remarkable degree the power to appreciate 
and assess, despite the ever-widening horizons, the trends of new scientific discoveries 
and conceptions. In his own opinion the two most significant developments during his 
lifetime were the investigations into new methods of electric lighting and the new fields 
opened up by the use of very high frequencies. 


Paterson had a remarkable power of inspiring loyalty in his staff and this was only 
equalled by the confidence he created in those with whom he came in contact outside 
the Laboratories. All alike recognised instinctively that here was a man who believed 
intensely in the great contribution that science could make towards progress in almost 
every field of human endeavour. There was no aspect of his wide-ranging activities 
that he did not adorn and make fruitful. 


In the work which he undertook for the scientific and professional Institutions 
Paterson was indefatigable. Having joined the Institution of Electrical Engineers in 
1902, he was elected a Member in 1911, and served on the Committee of the Institution 
from 1918 to 1941. His papers to the Institution of Electrical Engineers gained for him 
the Institution, Kelvin and Original Communications Premiums. In 1930 he was 
elected President. During his year of office the Faraday Centenary Celebrations were 
held. Their success was largely due to his tireless work and tremendous enthusiasm. 
His outlook on life was exemplified in his speech at the opening of the Faraday Exhibi- 
tion when he paid tribute to the heritage of good things we had received from the past 
and expressed his earnest conviction that by our own efforts we must repay the great 
debt we owed to those who had striven earlier. 


He was a member of the Institution of Mechanical Engineers, the Institute of Physics, 
the Royal Institution and many other bodies. He devoted himself with enthusiasm to 
the work of the British Standards Institution, and after serving as Chairman of the 


Electrical Industry Committee of that body for many years, was elected in 1947 Chairman 
of the Council. 


The honours that came to him towards the end of his life, he regarded as a recognition 
of the work of the team of which he was always so proud. He received the honorary 
degree of Doctor of Science of Birmingham University in 1940, was elected a Fellow of 
the Royal Society in 1942, and in 1946 was created a Knight Bachelor. 


Characteristic of his wide-ranging interests were the contacts which Paterson main- 
tained with scientific and engineering bodies in all parts of the world. In the earlier 
months of this year, he had with typical energy undertaken a tour of Australia, New 
Zealand and Tasmania on behalf of many of the scientific and professional Institutions 
of Great Britain, as well as on behalf of his own Company, and his tour did much for 
the enhancement of British scientific and engineering achievement. 


To all those who had the privilege of knowing him personally, his death takes away 
a man who had the greatest capacity for friendship, a man of great integrity and a man 
whose life was always an example to others. His monument is the great organisation he 
conceived and directed at Wembley for so long, and the traditions of service, enterprise 
and courage which he has passed on to “ his team ” and which will enable them to carry 
the work he started into even newer fields and to fresh heights. 
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Meaford Power Station 


By F. FAVELL, M.I1.E.E., M.I.Mech.E., Chief Generation Engineer (C), East Midlands Division, B.E.A. 
and H. NIELSEN, B.Sc., A.M.I.E.E., Witton Engineering Works. 





INTRODUCTION. 


CTOBER 20th, 1947, 

became an important 

landmark in the de- 
velopment of British elec- 
tricity supply when, on that 
date, the first generating unit 
of the new Meaford Power 
Station was set in motion by 
the Rt. Hon. E. Shinwell, 
P.C., M.P., as representative 
of His Majesty’s Government. 
Meaford is the first new post- 
war power station to be 
brought into commercial 
operation, and thus forms the 


power. 





Meaford Power Station, 
of the North-West 
District, is the first new power 
station to be brought into opera- 
tion since the end of the war. The 
first unit was started up by the 
Rt. Hon. E. Shinwell, P.C., 
M.P., on October 20th, 1947. 
When complete, the station will 
have a generating capacity of 
120,000 kRW—an important con- 
tribution towards 
national demand for 


exception of cable work. The 
contract covered the manu- 
facture, supply and erection 
of the whole of the electrical 
plant and switchgear, in- 
cluding four 30,000 kW 
turbo-alternators, four 33,000 
kVA, 11-8 kV/132 kV step- 
up transformers and all the 
132 kV switchgear for the 
large outdoor switching sta- 
tion ; also the supply of 25 
auxiliary transformers total- 
ling 36,000 kVA ; no fewer 
than 292 motors ranging in 


Midlands 


meeting the 
electric 








initial step towards the an- 
xiously awaited day when the country’s power 
demands will be fully met. 

It had been decided in 1938 that a large new 
generating station should be erected in the 
North-West Midlands electricity district. A 
complete investigation of all possible sites was 
made, official inquiries were held, reports were 
drawn up and considered, and other formalities 
were observed. Eventually, Meaford was 
selected as being the site which would best 
satisfy the varied requirements of such a project, 
but it was not until the end of 1941 that final 
authorisation for*construction of the station was 
obtained. 

Due to war restrictions on building operations 
of this type, it was not until later, when the war 
was nearing its end, that contracts were actually 
placed, but on 17th July, 1945, the foundation 
stone was laid by the Rt. Hon. Gwilym Lloyd 
George, P.C., M.P., then Minister of Fuel and 
Power. 

The Consulting Engineers for the Station 
were Merz and McLellan, in association with 
Sir Alexander Gibb and Partners. 


CONTRACTS. 

The G.E.C. was the principal contractor 
responsible for the turbine and electrical equip- 
ment for the whole of the new station, with the 


output from } h.p. to 550 h.p. 
and aggregating 16,000 h.p. ; 
the various fittings for the fluorescent and other 
lighting ; mulsifyre and CO, equipments for the 
transformers and 11-8 kV switchgear respec- 
tively ; the electric cooking equipment for the 
200-meal kitchen and canteen; and a 400- 
line telephone system. The principal contract 
for the coal-handling and steam-raising plant 
—for both of which the G.E.C. supplied the 
electrical equipment—was placed with Babcock 
& Wilcox, Ltd. 

From the foregoing it will be appreciated 
that so far as the power plant and all the 
“hundred and one items” ancillary thereto 
were concerned, only two main contractors, 
namely the G.E.C. and Babcock & Wilcox, 
Ltd., were responsible. This fact played no 
small part in the good results obtained in 
that it simplified co-ordination and progressing, 
prevented overlapping of responsibility and 
facilitated synchronisation of the work both 
at the manufacturers’ works and on the site. 
It should be mentioned that the contractors 
for the pumping plant for circulating water 
and make-up water were W. H. Allen, Sons 
& Co., Ltd. 


SITE AND BUILDINGS. 


The site of the Meaford Power Station is 
about 124 acres in extent and lies some six miles 
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south of Stoke, its eastern boundary being formed 
by the railway and the Trent and Mersey canal. 
A proposed new trunk road was to pass along the 
western boundary of the site. A large amount of 
road work was necessary, including the con- 
struction of an entirely new 22-ft. road, 1,300 
yards long, from the Barlaston Road. Railway 
work included the construction of a concrete 
bridge over the Trent and Mersey canal and 
some 4,000 yards of sidings. 

The buildings, which are mostly of brick-filled, 
steel-frame construction, are erected on concrete 
piles, about 4,000 of which, varying in length 
from 20 ft. to 30 ft., were driven. Concrete 
blocks, 4 ft. to 6 ft. thick, rest on the piles to 
form the foundations for the power-house 
buildings. Reinforced concrete beams carry 
the ground floor and subsidiary loads. 

The main buildings are arranged parallel with 
the sidings and are flanked by two brick chim- 
neys which rise to a height of 325 ft. Two 
Davenport hyperbolic cooling towers are located 
to the south-west of the turbine house. In 
sequence from the railway sidings the main 
buildings comprise the dust-precipitating plant, 
the boiler-house annex, the boiler house, the 
turbine house and the turbine-house transformer 
annex. 

The 132 kV outdoor switching station occupies 
an area 850 ft. long by 475 ft. wide and is situated 
about 200 ft. west of the turbine house. In the 
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intervening space are the office and workshop 
buildings, the operating room being on the 
upper floor of the office building. 

From an architectural viewpoint, the whole 
station presents a very pleasing and well-balanced 
appearance. The tan-coloured brickwork is 
similar in tint to that of the surrounding soil and 
gives a neat yet substantial effect and any ten- 
dency to monotony is relieved by simple means, 
such as a narrow coping around the top, orna- 
mental bands and Staffordshire blue-brick caps 
on the two chimneys and the carefully designed 
proportions of the various windows. On the 
frontage facing the main road, the brickwork 
has been extended upwards to conceal the tanks 
on the roof and so to present an unbroken 
frontage when viewed from the road. 

It should be noted that this station is a com- 
plete unit and is not designed with a view to 
being extended at a future date. When more 
power is required from Meaford, it will be 
supplied by another independent and self- 
contained unit, erected on another part of the 
site about half-a-mile away in a southerly 
direction. 


COAL-HANDLING PLANT. 


Coal is received at two points on the railway 
sidings. From the first receiving point the coal 
is discharged from 20-ton trucks by a side- 
discharge wagon tippler into a reinforced con- 





Fig. |.—One of the five boiler feed pumps each of which is driven by a 550 h.p., 3 kV, 2,850 
r.p.m. pump motor. 
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op stage extraction pumps is dis- 
he charged through the air ejec- : 
tors, gland heater, drain cooler E 
ole and L.P. heater to the feed pump | 
ed suction main and hot-wells. 
is There are in all five motor- j 
nd driven boiler feed pumps and : 
n- three steam-driven pumps, the 
ns, latter being installed as standby 
1a- plant. The pumps were built 
ips by G. & J. Weir, Ltd. Feed- 
ed water is delivered through the 
the I.P. evaporator and H.P. 
rk heaters to the boilers at a tem- 
iks perature of 340 degs. F. when i 
en the load is 24,000 kW. : 
Each of the five electrically- 
m- driven feed pumps (fig. 1) is : 
to driven by a 550 h.p., 3 kV, : 
ore 2,850 r.p.m., totally-enclosed 
be 3 = — . fan-cooled, squirrel cage motor, 
lf- \ i a arranged for direct-to-line start- 
the | | a .. i dn a ae ing. These motors were spe- 
rly | Ms: "ee cially designed so that the | 
“ig. 2.—Coal pulverisers, each driven by a 60 h.p., 400 volt, 1,460 r.p.m. slip will not exceed 6 per 
squirrel cage motor. cent when the voltage is re- 
duced to 66 per cent of | 
vay normal for ten minutes. As ; 
oal crete hopper, whence belt conveyors lift it to they are situated in the turbine-room annex, f 
de- | the boiler-house bunkers. Distribution to the they are constructed to run as silently as | 
ma 7 six bunkers is effected by two shuttle conveyors. possible. Sleeve-type bearings with oil rings | 





From the other receiving point, which is a are fitted. 
semi-circular storage ground, 
the coal is removed by 
feeder and _ gravity bucket 
conveyors to a radial 
boom conveyor by which it is 
| deposited in a pile for distribu- 
tion over the storage by a drag 
scraper. 

Each of the two coal-handling 
plants can deal with 150 tons of 
coal per hour. 
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' FEEDWATER SYSTEM. 
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The feedwater heating system 
for each unit comprises four 
water heaters, a drain cooler 
and a gland heater. The H.P., 
I.P. and L.P. heaters receive 
bled steam from the turbine. 
The evaporator heater between 
the I.P. and H.P. heaters re- 
ceives steam from the turbine 
or vapour from the unit evap- 


orator. Condensate extracted Fig. 3.—An induced draught fan driven by a 122/230 h.p., 
from the condensers by two- 580/725 r.p.m., 2-speed, squirrel cage motor. 
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Fig. 4.—A boiler control board on the operating 
floor of the boiler house. 


BOILERS. 


The six Babcock & Wilcox boilers are of the 
high-head type, burning pulverised fuel. Each 
boiler has an output of 240,000 Ibs. of steam per 
hour at the maximum continuous rating and 
192,000 Ibs. per hour at the economic rating. 
Below and in front of the boiler drum is the high- 
temperature economiser, imme- 
diately in front of which are the 
superheater sections. The bot- 
tom of the lower superheater 
section is 68 ft. from basement 
level and below is the tube 
bank of the circulating system. 
The 18,700 cu. ft. combustion 
chamber is of Bailey wall con- 
struction and extends from be- 
low the circulating system to 
the ash hoppers, about 15 ft. 
above basement level. At the 
front of the boiler, the top 12 ft. 
of the combustion chamber is 
arched to form a recess which 
contains nine vertical inter- 
tube pulverised fuel burners. 
The burners of each boiler are 
served by three Babcock & 
Wilcox type E pulverising mills, 
arranged in a single line in the 
mill bay at the front of the 
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boilers and vertically below the bunkers. These 
mills are shown in fig. 2. Each is driven by a 
60 h.p., 400 volt, 1,450 r.p.m., totally-enclosed, 
fan-cooled, squirrel cage motor. An _ air-seal 
motor is also provided to keep the bearings 
free from dust. The pulverised fuel is mixed 
with the hot primary air before being blown 
into the boilers. 

The gases from the combustion chamber pass 
in sequence through the boiler superheater, high- 
temperature economiser, low-temperature air 
heater and subsequently through electrostatic 
precipitators which extract the dust before the 
gases are discharged to the chimney. Two 
primary fans, two induced draught fans 
and two forced draught fans are provided for 
each boiler. The primary air fans are driven by 
90 h.p., 1,450 r.p.m. motors, the induced draught 
by 122/230 h.p., 580/725 r.p.m., two-speed 
motors (fig. 3) and the forced draught by 
52/102 h.p., 580/752 r.p.m., two-speed motors. 
All the motors are of the squirrel cage, totally- 
enclosed, fan-cooled type. 

The boiler control board is shown in fig. 4. 

Disposal of the ashes is effected by a high- 
pressure sluicing system to a collecting sump, 
whence, in the form of slurry, they are pumped, 
together with dust from the precipitators, to the 
disposal ponds on the east side of the railway. 
A view of the slurry pumps, each of which is 
driven by a 260 h.p., 975 r.p.m. squirrel cage 
motor, is shown in fig. 5. 


STEAM TURBINES. 
Each of the four steam turbines (fig. 6) has a 
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Fig. 5.—Ash slurry pumps, each driven by a 260 h.p., 975 r.p.m., 
squirrel cage motor. 
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C.M.R. of 30,000 kW and an M.E.R. of 24,000 
kW at a speed of 3,000 r.p.m. Normal steam 
conditions at inlet are 600 Ibs. per sq. in. and 
825 degs. F. ; normal vacuum at 24,000 kW is 
284 inches (30 inches bar.) with cooling water 
at 70 degs. F. Steam is bled at four points to 
raise the feedwater temperature to 340 degs. F. 
at 24,000 kW. 

As will be seen from the sectional drawing 
(fig. 7), the turbine consists of two cylinders, 
high pressure with twenty-three stages and low 
pressure with six stages, the low-pressure 
cylinder being of the double-flow type. In the 
high-pressure cylinder the steam expands down 
to 13 lbs. per sq in. at 24,000 kW. 

The steam inlet to the high-pressure cylinder 
is in the neighbourhood of one of the low-pressure 
exhausts. Steam then flows towards the front 
pedestal and subsequently through two overhead 
pipes to the middle of the L.P. casing. With 
this arrangement, a satisfactory solution of the 
problem of thermal expansion, so important in 
high temperature machines, is remarkably easy. 

The two rotors are coupled together by a rigid 
flanged coupling and one thrust bearing serves 
both rotors. The L.P. rotor is coupled to the 
alternator by means of a claw-type coupling, 
which has a longitudinal laterally flexible tie, so 
that the L.P. and alternator rotors expand per- 
fectly freely in a longitudinal direction from the 
one thrust bearing which is provided for the 
whole set. 
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The body of the emergency stop valve is 
mounted rigidly on the foundation girders in the 
neighbourhood of the H.P. inlet. From this 
valve the steam is led by one bend to the top and 
by another to the bottom half of the H.P. casing. 

The barrel of the H.P. casing is made of Molyb- 
denum cast steel and the exhaust of Carbon-cast 
steel. Steam is admitted to the first belt through 
two throttle valves which are mounted symmetric- 
ally, one on the top half and the other on the 
bottom half; the output with these two valves 
fully open is 24,000 kW. After the first five 
Stages, a second admission belt is arranged ; 
steam is admitted to this belt through two 
throttle valves similarly arranged to those in the 
first belt. When both sets of valves are fully 
open, an output of 30,000 kW is obtained when 
about half the total steam flow is admitted to each 
belt. The general arrangement of the throttle 
valves can be seen in fig. 8. 

Steam is bled after the fifteenth stage to the 
high pressure heater and evaporator, after the 
nineteenth stage to the evaporator heater and 
from the H.P. exhaust to the intermediate- 
pressure heater. 

The flanges on the horizontal joint of the H.P. 
casing are very deep to enable the bolts to be 
close to the inner wall, though the width beyond 
the bolts is considerable. Favourable leverage 
and high specific pressure on the inner part of 
the flange is thus secured. The bolts of Chrom- 
ium-Molybdenum steel are closely pitched. To 





Fig. 6.—The turbine room, showing the 30,000 kW, 11-8 kV, 3,000 r.p.m. turbo-alternators. 
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make the joint the bolts are first screwed hand- 
tight, then heated electrically and the nut turned 
through a predetermined angle to give, when the 
whole assembly is cold, a bolt stress of 15 tons 
per sq. in. This flange and bolting design has 
ensured in similar and even more exacting 
conditions a steam-tight joint over a number of 
years without retightening. 

The cast-iron L.P. casing is of the orthodox 
double-flow design ; steam is bled after the 
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almost all stages the blades are designed at the 
root as impulse blades, their reaction increasing 
with increasing radius. 

The moving blades in the high-temperature 
zone are milled out of Molybdenum-stainless 
iron bars ; in the rest of the turbine the blades are 
milled out of rustless steel bars. 

All the glands externally and internally are of 
the labyrinth type. Each diaphragm is fitted on 
the inner periphery with a sleeve, which is 


cf BURN 
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Fig. 8—A 30,000 kW turbo-alternator as seen from the operating floor of the boiler house. The 
arrangement of the throttle valves is clearly shown ; the barring motor is just visible on the right, 
between the alternator and its exciter. 


second L.P. stage to a low-pressure feedwater 
heater. ~ 

The blading in all stages is designed to fulfil 
two fundamental requirements : 

(a) The centrifugal force of the steam due to 
the tangential velocity component to be 
balanced by radial pressure gradient se- 
cured by increasing degree of reaction 
from root to tip of the blade. 

(6) The distribution of steam over the blade 
annulus to be uniform during the passage 
through the stage, thus preventing (in a 
cylindrical stage) the formation of a 
wasteful radial velocity component. 

As a rule, the inflow to the stage is axial ; the 
nozzle efflux angle and the blade inlet angle 
increase towards the periphery, the blade outlet 
angle decreases towards the periphery. In 


provided with sharp fins. These co-operate with 
similar fins, but to a slightly different pitch, 
turned on the wheel hub. Should contact occur, 
only one in eight of the sleeve fins suffer—one 
in nine in the case of the hub fins—and the 
heat generated is reduced to a small fraction of 
that which would have been generated if all the 
fins touched. ‘This feature increases safety and 
reliability. 

Practically all the leakages from the main glands 
and from the glands of the valve spindles are util- 
ised for feedwater heating and can easily be meas- 
ured as part of the turbine steam consumption. 

The speed governor mounted in the front 
pedestal is driven through a bevel gear from the 
main oil pump drive ; two emergency governors 
of the ring type are mounted on the end of the 
turbine shaft. 
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Fig. 9.—A turbine control board in the 
turbine house. 


The oil service is arranged on the 
side of the set remote from the steam 
supply with the unavoidable excep- 
tion of the oil pipes to the relays and 
the emergency valve and two throttle 
valves. Every precaution is taken to 
eliminate fire risk arising from acci- 
dental oil leakages. The oil pipes 
subject to pressure are mounted in- 
side a large drainpipe or trough ; even 
the oil drainpipes, where they cross 
the steam main, are mounted in a 
concrete trench to prevent acci- 
dental dripping of oil on hot parts. 

The main turbine control board 
for one of the turbo-alternators is 
shown in fig. 9. 


CONDENSER EQUIPMENT. 

Each turbo-alternator is provided 
with twin condensers (fig. 10) built 
by Hick Hargreaves & Co., Ltd., and 
having a total of 32,000 sq. ft. cooling 
surface. The condensers are designed 
to give a vacuum of 28-5 ins. when 
dealing with steam from the set at the 
economic rating and when supplied 
with 1,260,000 gallons of water per 
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Fig. 10.—Arrangement of the condenser plant for one of the turbines. 
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hour at a temperature of 70 degs. F. 
The cooling water is obtained from two 
Davenport hyperbolic reinforced con- 
crete cooling towers, designed for 
cooling 2,800,000 gallons of water per 
hour from 82-5 degs. F. to 70 degs. F. 
These towers have a base diameter of 
190 ft. and are 250 ft. high. They 
discharge into common flumes, from 
which the circulating water pumps 
draw their water. 

The five horizontal spindle circulating 
pumps, which were supplied by W. H. 
Allen, Sons & Co., Ltd., are situated 
in a separate pump house, which is 
shown in fig. 11. Each pump is driven 
at 590 r.p.m. by a 500 h.p., 3,000 volt, 
screen-protected, squirrel cage motor, 
and is capable of delivering 1,380,000 
gallons of water per hour against a 
head of 50 ft. Four vertical spindle 
Allen pumps, each driven by a 195 
h.p., 3 kV motor, are installed at the 
Strongford Sewage Pumping Station. 
These pumps supply the effluent 
make-up. 
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Fig. |1.—The circulating water pump house. Each pump is driven by 
a 500 h.p., 3,000 volt, 590 r.p.m., squirrel cage motor. 


ALTERNATORS. 


The four 30,000 kW alternators, which com- 
prise the total generating capacity of this station, 
generate at 11-8 kV, 50 cycles. In general, they 
are of standard G.E.C. design, but embody 


certain features of interest. 

The stator winding is of the 
two-layer diamond type. As 
it is obviously of the greatest 
importance to reduce the stray 
losses in such large machines 
to an absolute minimum and 
thus obtain the lowest possible 
steam consumption, the use of 
metal parts to* support the 
winding is avoided as far as 
possible. This entails the 
use of an insulating material 
for the winding supports and 
a suitable bakelite fabric 
material is employed which has 
exceptionally good mechan- 
ical properties and is capable 
of withstanding the high 
Stresses to which the winding 
supports would be subjected 
in the event of a line short 
circuit. 

A number of supporting 
bars of this material are ar- 
ranged radially round the 
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circumference and each coil 
is strapped to these bars at 
various points along its 
length, as shown in fig. 12. 
To increase the safety factor 
of the insulation at these 
particular points, U-shaped 
troughs of built-up mica are 
used as casings over the 
bakelite fabric. 

Stray losses are further re- 
duced by using an entirely 
non-magnetic material for 
the end clamps of the stator 
core. These end clamps 
comprise a number of seg- 
mental castings of high- 
tensile bronze, the fingers 
of which, supporting the 
teeth, are cast integral with 
the segments. A compres- 
sion stress is applied to the 
core through these segments 
by means of short bolts 
which are situated outside 
the stator magnetic zone. 


arrangement, employing a minimum 


number of separate parts, ensures a rigid con- 
struction for the core and teeth, while the stray 
losses in the end clamps are reduced to a mini- 
mum when the machine is on load. 





Fig. 12.—Stator of one of the 30,000 kW alternators. 
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A damping winding en- 
cases the outside of the 
stator core to prevent flux 
passing from the back of the 
core into the solid frame. 
Damper bars are inserted at 
every supporting rib and are 
connected at each end of the 
machine to a short-circuit- 
ing ring. 

The stator coils are in- 
sulated in a manner that 
gives complete reliability in 
service. Advantage has been 
taken to improve the qual- 
ity as better bonding media 
have become available. 

The overall insulation of 
the slot portions of the 
coils consists of a wrap of | , = 
many turns of micafolium me ie 
bonded with a bitumastic ane , 
varnish. It is made tight : 
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in a specially constructed oa mM "ON ss oa aii 
Ironing machine and finally Fig. 14.—A 33,000 kVA transformer in the switching station. To the left is seen 
consolidated in a steam the main 132 kV 1,500 MVA oil circuit breaker. 
heated press. 
Mica tape, bonded with the same type of of the coils is finally covered with a conducting 
bitumastic varnish, is applied to the end wind- medium which effectively earths it. 
ings. The rotor was manufactured from a solid steel 
In order to prevent corona, which is likely to forging of 20 tons weight. The winding follows 
occur in machines of this voltage, the slot portion G.E.C. standard practice, which has been proved 





Fig. 13.—A 160 h.p. squirrel cage motor driving an alternator cooling fan. 


over prolonged periods of 
service. Even after a very 
large number of starts and 
stops, this form of winding 
has proved to be free from 
copper shortening troubles. 

Ventilation of the alter- 
nator is effected by an ex- 
ternal closed circuit cooling 
system embodying a single 
full capacity fan. There 
are no fans integral with 
the alternator itself. 

The _ totally - enclosed 
main and pilot exciter sets 
are direct coupled to the 
alternator and ventilated 
by the same svstem by 
means of air shunted across 
the main alternator closed 
air circuit. 

The 80-inch diameter 
fan is fitted with narrow 
width backward plates and 
is driven by a 160 hp., 
400 volt, screen-protected, 
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squirrel cage motor, running at 750 r.p.m. (fig. 
13). The motor is designed to operate at 66 
per cent of the full voltage. The fan is placed 
on the hot side of the cooler, thus providing 
the coolest possible air to the alternator. The 
cooler can deal with 55,000 cu. ft. of air per 
minute, cooling it to within 12 degs. F. of the 
inlet water temperature, which is normally 70 
degs. F., but the equipment is designed for a 
maximum water temperature of 92 degs. F. 
Each alternator is served by a separate ventilat- 
ing unit, a spare unit being available for use on 
any set in the event of a breakdown. 
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Thermo-couple connections are brought to an 
accessible termifial box and readings are obtained 
by means of a portable thermo-couple tempera- 
ture indicator. 

Access to the sliprings and brushgear is 
provided by hinged covers, which are fitted with 
sight glasses. 

A motor-driven barring gear is fitted at the 
exciter end of the alternator bearing and is just 
visible in fig. 8. 


TRANSFORMERS. 

The four main generator step-up transformers, 
each rated at 33,000 kVA, 11°8 kV/132 kV, 
are designed for natural oil cooling, an air-cooled 
radiator bank being situated at each end of the 
transformer as shown in fig. 14. The transformers 
are delta connected on the primary side and 





Fig. 15.—Two 5,000 kVA, 11-8 kV/3 kV unit transformers. 


star connected on the 132 kV side, the neutral 
point being earthed externally to the tank. 

Indicating, alarm and protective devices are 
fitted, including a double-float Buchholz relay, 
oil-temperature and winding-temperature indi- 
cators with alarm contacts, etc. 

The auxiliary transformers of various ratios 
as required are fitted with conservators 
and appropriate protective devices, which 
include on the larger units a double-float 
Buchholz relay. 

Two of the 5,000 kVA unit transformers in 
the turbine-house annex are shown in fig. 15. 





132 kV OUTDOOR SWITCHING STATION. 

The 132 kV outdoor switching station (fig. 16) 
comprises fourteen bays occupied by four step-up 
generator transformers, six outgoing feeders, one 
busbar coupler and one busbar section circuit 
breaker, the remaining two bays being available 
for future feeders. 

All concrete foundation blocks are piled and 
interconnected by beams forming a complete raft. 

The layout is of the low double busbar type 
with a bus section circuit breaker in the main 
busbar. The busbars are of 3-in. diameter 
copper tube with connections of stranded hollow 
core conductor. The line landing structures 
and the structures carrying strained connections 
are of fabricated steel, but reinforced concrete 
construction is used for the stools on which the 
isolators and conductor supports are mounted. 
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The busbar isolators are of tandem 
pattern, the busbars being carried on 
one post of each at a low level. The 
remaining isolators are of the parallel 
type. 

The main 132 kV oilcircuit breakers 
are of the bulk oil type, having a 
breaking capacity of 1,500 MVA, and 
arranged for solenoid operation. The 
110 volt supply for energising the 
solenoids is derived from a battery 
which is accommodated in an auxil- 
iary plant house on the site. Provision 
is made for manual operation in case of 
emergency or for inspection purposes. 
The circuit breakers are perma- 
nently piped to an oil filter plant 
which is also housed on the site. 
Adjacent to this are oil storage tanks. 

A relay board which embodies the 
protective relays for the feeders and 
the bus zone protection relays is 
accommodated in the site plant house. 
Bus zone protection is provided 
covering all three sections of the 132 


kV busbars. ees 

All feeders are equipped with ratio 
balance protection. In the case of the three ping is provided. The associated batteries and 
feeders to Stoke, as there are no 132 kV circuit equipment cabinets are located in the plant house. 
breakers at the Stoke end, Post Office inter-trip- In each bay a terminal kiosk is provided where 





Fig. 16.—The 132 kV outdoor switching station. 
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Fig. 17.—11-8 kV, 350 MVA, heavy duty, low-oil-content, metalclad 
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Fig. 18.—The 3 kV, 150 MVA, 
airbreak switchgear. 
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Fig. 19.—A remote control 

beard in the turbine house 

for controlling the turbine and 
boiler house auxiliaries. 
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all multi-core cables from the 132 kV equipment 
are marshalled and in which the trunk multi- 
core cables from the control room terminate. 
The site cables are run in brick trenches, which 
are carried on the beams of the foundation raft. 


11-8 kV SWITCHGEAR. 

A two unit, heavy duty, low-oil-content, 
metalclad switchboard (fig. 17) is provided for 
each turbo-alternator set. One unit houses the 
2,000 amp. oil circuit breaker, which is connected 
between the alternator terminals and its asso- 
ciated generator step-up transformer. The tap- 


















ping to the unit transformer 
is taken from the generator 
transformer side of this cir- 
cuit breaker. Thus, inthe 
case of a complete shut- 
down, power from the 132 
kV grid could be obtained 
through one generator 
transformer and one unit 
transformer to enable the 
auxiliaries for one or more 
of the turbo-alternators to 
be re-started. 

The other unit of the 
metalclad switchboard 
provides accommodation 
for the necessary metering 
and protective current and 
voltage transformers and 
cable boxes for the main 
and the unit power trans- 
formers. In all, thirteen 
current transformers and two voltage trans- 
formers are accommodated. 


3 kV SWITCHGEAR. 


For controlling the 3 kV circuits, four truck- 
type horizontal draw-out boards are supplied(fig. 
18), housed in a separate room, but having the 
busbars connected in the form of a ring main. 

These are equipped with airbreak circuit 
breakers having a breaking capacity of 150 MVA 
and were manufactured by the English Electric 
Co. Ltd. 


This switchgear is controlled from a number of 
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remote control boards, one of which is shown in 
fig. 19. 


400 VOLT SWITCHGEAR. 

The 400 volt auxiliary plant is controlled by 
cubicle-type airbreak switchgear. One of the 
switchboards which control the ash-handling 
plant, with its wall-mounted remote control 
boards, is shown in figs. 20 and 21. 

The cubicles are of pressed-steel construction, 
with front access, and are equipped with hori- 
zontal draw-out airbreak circuit breakers having 
a breaking capacity of 15 MVA, for controlling 
the larger motors. For smaller motors, switch 
fuses and contactors, mostly of the latch-in type, 
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Fig. 20.—The 400 volt airbreak switchboard which 
controls the ash-handling plant. 


are provided. For sub-feeder circuits switch 
fuses are used. The circuit breakers on the six 
boiler boards, one of which is shown in fig. 22, 
are electrically remote controlled from the 
boiler control board situated on the operating 
floor of the boiler house. All the panels are of 
uniform design and appearance, whether they 
accommodate circuit breakers, switch fuses or 
contactors. In order to save space the cubicles, 
of which there are in all 421, are arranged in 
double tiers. The cable boxes, which are fitted 
with expansion domes, are situated at the back 
of the boards. 


CONTROL ROOM. 
The control room, which is rectangular in 
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shape, is on the top floor of the administration 
block and is connected by a footbridge to the 
turbine house. 

The control boards for the 132, 33, 11 and 
3 kV circuits are arranged to form a rectangular 
enclosure within the main control room, the 
132 kV board being shown in fig. 23. Each side 
of the rectangle thus formed is confined to the 
control of a particular group of switchgear. Doors 
are provided to give access to this enclosure and 
a large observation window is provided, through 
which the control enclosure may be viewed. 
The control and relay boards consist of steel 
panels, each relay panel being built back to 
back with its control panel with a passage-way 
between the two for access to the wiring and 
internal equipment ; the arrangement is shown in 
fig. 24. 

All control panels facing inwards have bevelled 
steel front plates finished in Eau de Nil enamel, 
with lavender grey upper panels on which the 
mimic diagram and automatic semaphore in- 
dicators are mounted. The mimic diagram is 
painted in red, blue and black to correspond with 
the sections of the busbar system. All instru- 
ments are of the rectangular flush pattern. On 
the middle panel of the 132/11 kV section are 
mounted three master frequency dials, station 
voltmeters and a set of annunciators for pro- 
tective relays and alarms. The relay boards are 





Fig. 21.—Wall-mounted control boards for remote 
control of the airbreak switchgear shown in fig. 20. 








Ft, 


ee Pr FS SCP 


— i. % ww 44 wes ee «el OlelUlUe UCU COS 


ss Ct Bete aod. 


‘y 


. = het MOD OD TF 


~~ eS CO me 


+ Oo be 


TBavwiwta 


e 





eee | 


i) 


 ¢ 





MEAFORD POWER STATION 143 





Fig. 22.—A 400 volt airbreak switchboard controlling boiler-house auxiliaries. 


finished in light grey and contain the protective 
relays for the generators and couplers. Auto- 
matic voltage regulators and recording instru- 
ments are also mounted on these boards. A 
further set of annunciators is incorporated in 
this board to indicate operation of the bus zone 
protection and grid feeder 
protection. 

Within the rectangle 
and facing the 132/11 
kV control board is a con- 
trol engineer’s desk of 
polished light oak, which 
can be seen in fig. 23. 
On the upper panels are 
the controls for the 
governor speeder gear 
motors and generator volt- 
age regulators. Wing 
panels of the desk contain 
a total load indicator, a 
visual instruction trans- 
mitter and telephones. 


AUXILIARY PLANT. 


With the exception of 
the circulating water 
pump motors and boiler 
feed pump motors, which 
operate at 3,000 volts, all 
auxiliary motors are fed 
from the 415 volt supply. 

All squirrel cage 


motors, including the 3,000 
volt machines, are arranged 
for direct-to-line _ starting. 
The two-speed squirrel cage 
motors for the twelve induced 
draught fans and for the 
twelve forced draught fans 
have separate circuit breakers 
for each winding anda mechan- 
ical timing device, which is 
duplicated on the control board 
on the operating floor of the 
boiler house. This device 
provides for the operation of 
the two circuit breakers in the 
proper sequence and at the 
correct time intervals, thus 
safeguarding the fans against 
damage. 

For reliability, the power 
for the auxiliary plant is ar- 
ranged on the unit system, so 
that house alternator sets are 
unnecessary. A circuit dia- 
gram of the station reproduced 
in schematic form is shown in fig. 25. It will 
be seen that each alternator supplies its own 
auxiliaries from a 5,000 kVA, 11-8 kV/3 kV 
unit transformer. These transformers feed 
the 3,000 volt motors direct, while the 400 
volt motors are fed from 3,000 /400 volt subsidiary 





Fig. 23.—The 132 kV remote control board in the control room. 
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transformers through the 400 volt switchboards 
already described. The 11-8kV/3kV unit trans- 
former is fed from a tapping between the 
11°8 kV circuit breaker and the main 132 kV 
generator transformer. Any unit switchboard 
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into commercial use, the operating results ob- 
tained indicate that the station will rank as one 
of the most economical in fuel costs per unit in 
its class. It will be appreciated that reliable 
data cannot be obtained to form a basis of com- 


Fig. 24.—Unit board and relay board in the control room, showing the 
passage-way between these and the main control boards. 


can receive an alternative supply from the unit 
transformer associated with another alternator. 
A further standby auxiliary supply 1s available 
from the local distribution system through a 
3,000 kVA, 33 kV 3 kV transformer. 


OPERATING RESULTS. 
Since the first units in the station were brought 


parison with other stations until Meaford has 
been in full operation for at least a year, but 
from the information so far available it is fairly 
safe to assume that the designers of the plant 
will be justified in being proud of their efforts, 
and will be able to make good use of the figures — 
to achieve even better performance in future 

designs. 
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Fig. 25.—Circuit diagram of the Station 
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Fig 25.—Circuit diagram of the Station 




















Radio Wave Propagation 


INTRODUCTION. 


HE subject of radio 

4. wave propagation had 
been studied inten- 
sively both theoretically and 
practically for many years 
before the late war at fre- 
quencies up to a few tens of 
megacycles, i.e. more or less 
the range covered by a 
domestic broadcast receiver 
incorporating a short wave 
band. The urgent war re- 
quirements of radar in par- 
ticular have, however, assis- 
ted in the speedy develop- 
ment of valves and equip- 
ment for higher frequencies 
until energy at 60,000 Mc/s, 


By E. M. HICKIN, Grad.I.E.E. 


G.E.C. Research Laboratories. 





The wartime requirements of 
radar involved a great deal of 
research in wave propagation at 
wavelengths as short as 5 milli- 
metres. In this range the be- 
haviour of waves is very different 
from those of greater length. 
Much information, both practical 
and theoretical, has been gathered 
on the factors governing these 
phenomena. 

This article is based on the 
Chairman’s Address, given by 
the author, to the London Stu- 
dents’ Section of the Institution of 
Electrical Engineers in October, 
1947, and was awarded a Stu- 
dents’ Premium. 


latter, the dividing line being 
somewhere near the lower 
end of the “short” wave 
band. 

The distance that the waves 
travel and the paths that they 
follow are governed by a 
number of factors, the rela- 
tive importance of each de- 
pending on the frequency of 
transmission. It is_ these 
factors which largely deter- 
mine the use which can be 
made of any particular fre- 
quency. They can be briefly 
listed thus : 

(a) Absorption by the 

earth. 





a wavelength of only 5 mm., 


(6) Refraction by the iono- 
sphere. 








can be generated. In these 

new portions of the frequency spectrum which 
have been opened up, the behaviour of the 
waves is very different from those of greater 
length, and, as a result, a great deal of research 
has been necessary to understand the new 
propagation pheno- 
mena. 

When radio fre- 
quency energy is rad- 
iated from a trans- 
mitting aerial’ the 
waves set up travel 
outwards at approxi- 
mately the speed of 
light. In common 
with all other forms 
of radiation the ampli- 
tude of these waves dies away with distance (due 
to their divergence), the amplitude being 
inversely proportional to the distance. Aerial 
svstenis can be roughly divided into two cate- 
gories ; those at ground level, which use the 
earth itself as part of the radiating system, and 
those mounted more than a few wavelengths 
above the ground. All “long” and “ medium” 
wave equipment uses the former type, and all 
V.H.F. and ultra short wave equipment the 


Fig. |.—Paths followed by ground and sky waves. 


(c) Absorption by the 
ionosphere. 

(d) Refraction by the atmosphere (particularly 
the troposphere, which is the lower part of the 
atmosphere where convection is appreciable and 
clouds and rain are formed). 

(e) Scattering or ab- 
sorption by solids 
or liquids in the 
troposphere, i.e. 
snow, rain, etc. 

(f) Absorption by 
atmospheric 
gases. 

In practice the pro- 
pagation of a wave 
may depend upon a 
combination of several 
of these factors, but each may be examined 
separately. 


ABSORPTION BY THE EARTH. 

Energy may be radiated in all directions from 
a transmitter, but by careful design of the aerial 
system the major part can be concentrated in 
any desired direction. That part which is 
transmitted along the surface of the earth is 
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called the ground wave, and is shown in fig. 1 
by the solid line 7-G. As this ground wave 
progresses it induces eddy currents in the soil 
over which it is passing and so loses energy 
in heating the ground. As a result the wave is 
attenuated much more rapidly than it would be 
due to its divergent nature alone. The losses 
depend upon the conductivity and the dielectric 
constant of the earth, and on the frequency of 
transmission. The greater the conductivity, the 
less the losses, with the result that oversea 
transmission is better than overland. An 
example of this is given by the siting of the BBC’s 
Start Point (Devon) transmitter which was 
designed to serve South Coast resorts. Due 
to the oversea path, and aerial radiation pattern, 
the service area extends to Beachy Head some 
180 miles away ; the signal level at that point 
is comparable with that from Brookmans Park, 
only 75 miles away overland. 

As the frequency of transmission is raised the 
losses are increased. Fig 2 shows the relative 
ranges of the ground waves which may be expec- 
ted from transmitters of equal power (1 kW) 
as the frequency is increased. These curves 
have been derived from Nortons' figures for 
transmission over good earth and over sea. 
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Fig. 2.—Effect of frequency on overland and oversea 
transmission. 


It will be readily seen that oversea transmission 
has the advantage, but even so the useful range 
falls rapidly as the frequency is increased. 

As the conductivity of any given stretch of 
earth does not change greatly with time, the 
signal received from a transmitter due to the 
ground wave is very steady, and for this reason 
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is mainly used for broadcasting where strong, 
steady reception is desirable. 


THE INFLUENCE OF THE IONOSPHERE. 


The importance of the ground wave diminishes 
rapidly as the frequency is increased and it can 
be neglected at above a few megacycles. As 
can be seen from fig. 1, energy radiated upwards, 
as indicated by the dotted lines, is not wholly 
lost, due to the fact that there are, in the upper 
atmosphere, regions or layers of ionised gas. 
The heights of these layers are greater than 

















DAY NIGHT 


Fig. 3.—Typical distributions of electrons in the iono- 
sphere by day and night. 


60-70 miles where the atmosphere is very rarefied 
(the pressure being about 5 by 10° mm. mercury) 
and the ionisation is due to the effects of ultra- 
violet radiation from the sun. The effect of 
the free electrons in the ionised region is to 
cause a reduction of the refractive index of the 
atmosphere, with the result that incident waves 
are bent away from the layer. As with light 
waves there is a critical angle below which 
complete reflection will not occur. The dotted 
lines in the figure show a number of possible 
paths of waves, those radiated at the critical 
angle being returned to earth at point S. The 
position of this point will depend upon the height 
of the layer and on its critical angle, which is 
a function of frequency. The distance 7-S is 
called the skip-distance, and no sky waves, as 
the dotted paths are called, can normally be 
received within this range; the ground wave may 
Or may not extend over the whole of this range. 

In practice the word layer is used to describe 
regions of greater density of electrons. Typical 
distribution curves are shown in fig 3. for day 
and night conditions. The day-night difference 
is caused by the lack of ionising radiation during 
the hours of darkness. As a result the layers 
decrease in density, the upper, F, layer recom- 
bining more slowly than the lower, E, layer. 
This is because in the rarer atmosphere fewer 
collisions occur to destroy the ionisation. 
Reflection at night therefore tends to be from 
the upper layers. 
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Fig. 4.—Variation of critical frequency during a 24-hours’ 
period. 


The ionosphere absorbs a certain amount of 
power from the waves, a maximum being reached 
at about 1-4 Mc/s. The mechanism of the 
absorption is that the free electrons are excited 
by the radio field and if, while in the energised 
condition, they collide with a gas molecule, the 
energy is lost as heat or random re-radiation. 
It follows then that the losses are greatest at 
low altitudes where the pressure is greatest, 
as there is more chance of a collision. They are 
also greatest at low frequencies where the energy 
lost per collision is greatest, due to the electrons 
having time to reach a high velocity. Apart 
from this the sky-wave suffers no attenuation 
other than thaf due to its divergence. Its range 
is therefore very great in comparison with the 
ground wave, especially at night. It is for this 
reason that medium wave stations at a few hun- 
dred miles range, often not heard at all by day 
are clearly heard at night. Other stations 
somewhat nearer and heard faintly during the 
day by virtue of their ground wave are received 
at night, but are subject to severe distortion due 
to the interaction of the sky and ground waves. 

The sky-wave is responsible for the round-the- 
world communication achieved with “ short 
waves ”’, i.e. those with wavelengths between 
100 and 10 metres. Due to their higher fre- 
quency the losses experienced by short waves 
are substantially less than for medium waves. 
As with medium waves night-time transmission 


is better than day-time but at night the maximum 
useful frequency (M.U.F.) is reduced as the thin- 
ner layers will not deflect the highest frequencies. 
Thus the optimum frequency and, in the case 
of transmission to places such as Australia, 
the direction of transmission will depend upon 
what proportion of the path is in darkness or 
light. Fig. 4 shows a typical variation of critical 
frequency with time of day. 


THE SPACE WAVE. 


The critical angle of the ionosphere, below 
which reflection does not occur, increases with 
frequency until at about 30 Mc/s waves are 
no longer returned to the earth. Above these 
frequencies transmission distance is, under 
normal conditions, reduced to what is effectively 
a “line of sight”, the ground wave having 
negligible range due to excessive losses, and 
aerials usually being raised well above ground 
level. The ground still has an important effect, 
however, as it will reflect waves falling upon it. 
As the distance between the transmitter and 
receiver by the reflected path will be more than 
that direct, there will be a phase difference 
between the two waves and cancellation or 
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addition will occur as this phase difference alters. 

In the absence of any earth reflection the 
reduction of this direct wave (the space wave) 
with distance would follow the inverse square law 


| Echoes 
Fig. 6.—Unorthodox radar vision of the coast of Holland 
at 600 Mc’s (50 cms.). 


in common with all other divergent waves. Fig. 
5 shows this “‘ free space ’’ field as a dotted line. 
If the reflection coefficient of the earth is unity 
then when the reflected wave is in phase this 
free-space field will be doubled, and when it is 
out of phase it will be completely cancelled. 
As the earth’s surface is usually broken by 
trees, walls and waves the reflection coefficient 
is, in practice, seldom as great as one. As the 
horizon is approached the earth’s curvature has 
an increasing effect, causing the reflected wave 
to diverge more rapidly and so reducing its 
effect. For this reason the field at the horizon 
is not zero, although it is substantially reduced. 
At short ranges, comparable with the aerial 
heights, the reflected wave may be reduced as a 
result of the directional properties of the aerials, 
due to the angle between direct and reflected 
waves being comparable with the beam width of 
the aerial. The solid line in fig. 5 shows a likely 
variation of field strength with distance for 
practical conditions of aerial gain and reflection 
coeficient. Beyond the horizon there is no 
reflected wave and the field (due to diffraction 
alone) falls exponentially at a rate determined 
by the wavelength and the effective radius of the 
earth. When the effective radius of the earth 
is known—and, as will be described later, this 
can be a somewhat variable quantity—then the 
field can be calculated both within and beyond 
the horizon.* 
TROPOSPHERIC REFRACTION OF THE 

SPACE WAVE. 

It was long assumed that above about 30 Mc/s 
waves would behave more or less exactly as 
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predicted by calculations of the type just des- 
cribed, that is to say, following substantially 
straight paths. These paths are not geomet- 
rically straight as, due to the pressure gradient 
in the atmosphere, the refractive index of the 
air decreases with height and, as a result, horizon- 
tal waves, whether of light or radio, are bent 
towards the earth. The curvature is not great, 
being about } of that of the earth. 

However, Jouast, Marconi, Herschberger and 
others® in the 1930’s reported ranges on metre 
and decimetre wavelengths which were on 
occasions many times the optical range and not 
in agreement with the calculations. It was 
realised that this apparently anomalous pro- 
pagation was associated with certain weather 
conditions, but the actual cause was not fully 
understood. Early in the war, however, when 
the metre-wave radar stations were being set up 
around our coasts it was noticed that at certain 
times echoes were received from ships and from 
the French and Dutch coasts which were many 
times too distant to be normally seen. A good 
example of this has been cited by Booker*® and 
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is shown in fig. 6. All the echoes marked here 
are from targets well beyond the optical range 
and are not normally visible to the radar. 
These echoes would appear for a few hours and 


then die away again. Fig. 7 shows the results 
of measurements at a frequency of 3,300 Mc/s, 
made during the early summer of 1942 to observe 
the field of a transmitter mounted on a headland 
on the Isle of Man.® The receiver, mounted on 
a ship, was moved out and back again. On the 
outward run the field agreed well with that 
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Fig. 8.—A cross-section of temperature and humidity 
through an elevated temperature inversion. 


calculated (shown by the dotted line), but on 
the return journey there was a period of about 
one hour, during which the signal received was 
far in excess of that calculated, and was almost as 
large as would have been received at that range 
in free space without the obstruction of the earth. 
It must be remembered that the bottom scale 
besides being distance is also time. 

Examples such as these rapidly became too 
numerous for them to be neglected, and an at- 
tempt was made to explain them in terms of 
atmospheric bending. It has already been 
mentioned that, due to the change of atmospheric 
pressure with height, all waves have a curvature 
equal to about } of that of the earth and so 
evidence was sought of conditions in which this 
bending might be increased sufficiently to over- 
come the curvature of the earth. Appleton‘ has 
described how it was found that, due to a com- 
bination of temperature and humidity effects, 
such conditions could, and at times did, exist. 
In a “standard” atmosphere the temperature 
falls 5 degs. F. for every 1,000 feet increase in 
height and the humidity is almost independent 
of height, but in fig. 8 is shown a measurement in 
which ihe temperature rose 10 degs. F. in 50 feet, 
the relative humidity changing from 87 to 34 per 
cent. This measurement, which has been 
described in a recent paper by Westwater’, was 
made from a balloon at Cardington, near Bedford, 
and the abrupt change occurred at 3,500 feet, 
the atmosphere up to then having been substan- 
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tially “standard”. Such a change will cause 
a marked change of refractive index gradient 
and will deflect a wave in much the same way as 
the ionosphere. Radio measurements made at 
the same time as these meteorological measure- 
ments over a 98-mile, non-optical path at a 
frequency of 85 Mc/s showed that, while under 
normal conditions no signals were received (as 
would be expected due to high ground obstruct- 
ing the path), during these high-level tempera- 
ture inversions strong bursts of signal lasting 
several hours were recorded. 

While this form of propagation has on 
occasions enabled communications to be main- 
tained for some hours over ranges of several 
hundred miles at frequencies of the order of 50 
Mc/s, it must, in general, be regarded as an 
embarrassment. This is because the available 
space in the ether is so limited that it is necessary 
to share wavelengths. Under normal conditions 
it is quite safe for the police in Preston and the 
police in London, let us say, to share 3-metres 
wavelength for their cars, but in the presence of 
high-level temperature inversions they may cause 
mutual interference with consequent annoyance. 
The V.H.F. transmitter of the London N.F.S. at 
Tower Bridge (used to contact their cars and 
launches) has been received as far away as the 
French coast. Temperature inversions were 
certainly responsible for this. 

Temperature inversions occur not only at 
elevated heights but also near the ground and 
sea surface, and it is these lower inversions which 
are in general responsible for unorthodox radar 
vision. In practice, over the region of an 
inversion, the waves are bent down towards the 
earth and are trapped. This condition will, 
however, only hold when the waves commence 
within the “‘ duct” as the inversion region is 
sometimes called. Fig. 9, also taken from 
Booker’s paper, illustrates this effect by showing 
the paths followed by waves from three trans- 
mitters, 7, well above the duct, 7, at the upper 
surface and 7, at the centre. Trapping leads 
to some curious effects. For example, fig. 10 
shows a transmitter J and two receivers A and 
B at the same range, but at such heights that A 
is within sight of J and Bis not. Under normal 
conditions A will receive a strong signal and 
B a very weak one, corresponding to the inter- 
ference field and the diffraction field respectively, 
as shown in fig. 5. But in the presence of a 
duct of such height as to include both 7 and B 
the signal at A will be reduced and that at B 
will be substantially increased, possibly exceeding 
the highest level recorded at A. This effect 
was noticed many times during tests carried out 
on the West coast of the British Isles during the 
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war. A number of stations were established to 
study the propagation of centimetre radio 
waves. In particular those in South and North 
Wales and Scotland were operated for two years 
as part of a joint government and industrial 
research programme. The results have been 
recorded by Megaw*, Smith-Rose’ and others. 
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Fig. 9.—Effect of low-level inversion (duct) on paths of 
ultra short radio waves. 


During the summer months it was found that 
signals were received in Scotland from trans- 
mitters in South Wales, at 3,000 and 10,000 Mc/s 
frequency, even though the range to Scotland 
was 200 miles, more than 8 times the optical 
range. Also at both the stations in North Wales 
and in Scotland, the signals received at several 
hundred feet elevation were, om occasions, 
exceeded by those received at only 80-100 feet 
above the sea. The radiated powers of the 
transmitters were less than one _half-watt. 
Booker has claimed the world’s record for radar 
vision for a 200 Mc's station at Bombay which 
has received echoes from the Arabian coast over 
1,800 miles away. The height of the radar 
station was such that the geometrical horizon 
was only 24 miles away. 

The very thorough investigations of centimetre 
wave propagation which have been carried out 
during the last few years were mainly undertaken 
because of their importance for radar work. A 
radar station, such as the one in East Anglia, 
as shown in fig. 6, would, under unorthodox 
conditions, be able to follow shipping mght up 
to the Dutch coastline, a useful enough fact ; 
but in all probability the main object of such a 
radar would be to give early warning of high- 
flying aircraft while they were still over enemy 
territory, and such echoes would be hopelessly 
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jammed by echoes from the land beneath. 
Therefore, for safety, it is desirable to have 
longer wave early warning radars, which are 
not affected by meteorological conditions, as 
well as shorter wave systems for high definition. 

So far as centimetre wave communications 
are concerned, the presence of unorthodox 
propagation cannot be relied upon as an aid, and 
may give rise to undesired effects, as illustrated 
in fig. 10. In general it may be said that when 
choosing sites for a cross-channel link both 
ends should be of similar height, so that both will 
be equally affected by duct formation, and pre- 
ferably no higher than is necessary to give an 
optical or nearly optical path, as greater heights 
will put them into the interference pattern of 
the direct and sea-reflected waves. Overland 
links, except when over very flat territory, 
can use higher sites, as the broken surface 
of the earth is less likely to give a clear 
interference pattern. 


SCATTERING AND ABSORPTION IN THE 
TROPOSPHERE. 


Ryde* * has carried out an intensive theoretical 
study of the effects of rain, snow, fog, etc. on 
centimetric waves (their effects can be neglected 
at longer wavelengths) and subsequent experi- 
mental measurements have largely substantiated 
his predictions. Briefly it may be said that for 
drop sizes below 1 mm., i.e. mist and fog, the loss 
is an increasing function of the total mass of 
water present and does not become serious even 
at 10,000 Mc/s (3 cm. wavelength) until the 
visibility is reduced to about 100 feet. Under 
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Fig. 10.—Effect of low-level inversion on reception 
beyond the horizon. 


these conditions at 30,000 Mc/s, however, the 
losses would be about 4 db/mile and would be 
very serious, especially for radar work where the 
double transmission path multiplies the losses. 
For larger drops, such as are experienced in rain, 
it is necessary to take account of drop size and 
distribution, but general rules may be formulated 
and it may be said that in this country rain losses 
are not serious at frequencies below 6,000 Mc/s 
except during thunder-showers. For severe 
tropical rains the effects may be many times as 
great. The attenuation due to hail has also 
been calculated. 
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While the attenuation due to rain may not be 
serious, except at the very shortest wavelengths, 
there is none the less a substantial amount of 
scattering due to rain. This scattering is a 
familiar effect with light waves, making the 
beam of a searchlight visible in misty air. Little 
effect is noticed with one-way transmissions, but 
radar equipment will receive echoes from belts of 


large numbers of people during the war have 
been directed to the problem of generating the 
shortest possible wavelengths because, for radar 
work, these give the highest definition. These 
efforts have been so successful that the infra-red 
region has now been approached sufficiently 
closely for some of the effects associated with 
that part of the spectrum to be experienced. 
Some years ago van Vleck" '* pointed out the 





Fig. |1.—Warm “‘front’’ with showers as seen on 
P.P.l. screen of radar set. 


rain or rainbearing clouds. Fig. 11 shows the 
picture on the Plan Position Indicator screen of a 
radar set. Stretching across the lower right- 
hand side of the picture is a warm “ front”’, 
with a number of showers, which is approaching 
from the South East. Fig. 12, which is repro- 
duced by permission of the U.S. Naval Authori- 
ties, shows a Pacific typhoon as seen by the radar 
equipment on the U.S.S. Wasp.'® The clear 
patch, known as the eye, was only 40 miles away 
when the photegraph was taken, a thoroughly 
unhealthy distance! It is interesting to note 
that there are no echoes from the far side of the 
storm, presumably due to attenuation by the 
rain. 

In the Panama Canal zone, where severe 
storms are liable to arise very suddenly, the 
U.S. Authorities are now keeping constant radar 
watch. The magnitude, speed and direction 
of a storm may be rapidly recorded and ships 
and aircraft warned. 


ABSORPTION BY TROPOSPHERIC GASES. 


It will have been noticed that the factors 
considered in this paper have been applicable 
to shorter and shorter wavelengths. As was 
mentioned in the introduction the efforts of 
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Fig. |12.—Pacific typhoon as seen by radar. 


fact that due to molecular resonances, certain 
atmospheric gases would absorb radio waves of 
sufficiently high frequency, and he calculated 
the probable amounts of absorption for water 
vapour and oxygen, both of which have reson- 
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Fig. 13.—Absorption of millimetre waves by water 
vapour and oxygen. 
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ances in the millimetre waveband. It should be 
noted that it is invisible water vapour and not 
water droplets which are resonant. Fig. 13 
shows the results of his calculations, parts of 
which have already been substantiated by 
laboratory measurements by Beringer.'* The 
first attempt to measure the oxygen absorption 
over a substantial transmission path has recently 
been made in this country and a brief description 
of the results has been published.'4 The 
attenuations at the resonance points are of the 
order of 0-35 db/mile (at 1-25 cm. wavelength, 
24,000 Mc's) for water vapour, varying with the 
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millimetre wave region there is the gap between 
the radio and infra-red spectra to be explored 
with a view to finding if there really is a bottom 
limit to useful radio applications. These pro- 
jects entail much experimental work and new 
equipment and results will not come quickly ; 
but it is hoped that this country will continue to 
take a prominent part in this work. 
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60,000 Mc's) for oxygen. It 
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such wavelengths has so far 
been high-definition radar. 
During the war some H,S 
blind bombing equipment used 
by the R.A.F. operated on 1-25 
cm. wavelength, and limitation 
of range under humid con- 
ditions was experienced. A greater knowledge 
of the absorption bands shows that operating 
frequencies will need careful selection. 


CONCLUSION. 

In conclusion it will be seen that there is a 
wide range of factors to be considered in studying 
the propagation of radio waves. Each is associa- 
ted with a band of frequencies, but there is 
considerable overlapping. Fig. 14 shows the 
bands affected by each factor and the type of 
application for which they are suitable. 

There is still much which is not understood 
about propagation, particularly through the 
troposphere. In some respects little progress 
can be made until more sensitive meteorological 
equipment is available, as the atmospheric 
changes which affect radio propagation may be 
smaller than the meteorological observer needs 
to record. The use of radar for weather 
studies and for storm detection is almost sure to 
be expanded in the years to come as it 1s a quick 
and accurate method of plotting and can cover a 
wide area with a single equipment. In the 
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Fig. 14.—Relative importance of factors affecting propagation throughout the 
radio frequency spectrum. The lower part of the figure shows the applications 


of different frequency bands. 
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A Modern Oil Refinery 


ELECTRICAL EQUIPMENT AT LOBITOS 
OILFIELDS LTD. 


By E. G. TAYLOR, B.Sc. (Eng.), M.1.E.E. 


INTRODUCTORY. 

1 N attaining its modern form, the petroleum 
industry has been developed so rapidly and 
now covers such a wide field that its scope 

and ramifications are probably far less under- 
stood and appreciated by the layman than are 
those of older established industries. It may 
therefore be appropriate to describe some of the 
processes which take place in a modern petroleum 
refinery. A good example of such a plant is that 
of Lobitos Oilfields Limited at Ellesmere Port, 
Cheshire, where production 1s carried out on the 
most up-to-date system, in the operation of 
which machines and switchgear supplied by 
the G.E.C. play a very important part. 

Before describing this plant, however, it is 
interesting to recall that natural petroleum 
products entered into at least two important 
phases of primitive life. Gas emanating from 
oil areas and issuing from fissures in the earth’s 
crust supplied the everlasting sacred fires in 
many Near and Far East countries. In ancient 
Egypt a residue from the natural weathering of 
oil seepages was used in embalming. Similar 
residues were used in Biblical times as a binding 
agent in road work. Many scriptural references 
to pitch may be construed to describe this residue, 
so that it figures in the construction of the ark. 
The curative effects of mineral oils from springs 
receive many mentions in the classics of Greece 
and Rome. 

Turning to more modern times, we find that 
in our own country oil from natural springs en- 
joyed a vogue as a remedy for many ills, and in 
America, in the middle of the nineteenth century, 
crude petroleum, collected from artesian well 
waters, was marketed as a specific for rheuma- 
tism, gout and neuralgia. About this time various 
oils were being produced on a commercial scale 
from shales in Scotland, but the industry really 
started with the drilling of oil wells in U.S.A. in 
1859, and the search for oil began in all corners 
of the world. 

For many years the primary product was 
paraffin oil for domestic use and one of the major 


problems encountered was the disposal of the 
lighter fractions (petrol) which, with the advent 
of the internal combustion engine became, in 
turn, the more important product. As an illus- 
tration, we would record the story of one Far 
Eastern refinery where, to get rid of unwanted 
petrol, a pipeline was laid to a clearing in the 
bush so that the petrol could be burnt. The 
flare was so huge and so constant over a period 
of years that on one occasion when it was extin- 
guished, to avoid awkward questions from a 
visiting Government official, local shipping 
organised a complaint that a regular navigation 
light had been removed. 

Although an industry had started in this 
country in the Scottish shale areas, the larger 
scale production of crude oil in other parts 
dwarfed the Scottish output. No other source 
of oil had been commercially worked within our 
shores till the development, in 1939, of the 
Nottinghamshire oilfield which, although of 
value, produces only about 1 per cent of the 
petroleum consumption of the United Kingdom. 
When only a small percentage of the total oil 
produced could be converted into marketable 
products, refineries were usually located near the 
sources of supply. Thus everything was against 
the development of an oil refining industry in 
the British Isles. 

With the rapid growth in the number and 
variety of the products which result from the 
modern refining and processing of crude oil and 
the ever growing demand for these, the position 
has very materially changed. It may be said, 
indeed, that there is now no waste in a modern 
refinery. The list shown in fig. 1 of the deriva- 
tives of crude petroleum indicates the very 
widespread applications of these products in 
almost every trade and industry. 

These new conditions have made transporta- 
tion of crude oil to refineries remote from the 
wells an economic proposition and have led to 
the establishment of many large refineries in this 
country. Lobitos Oilfields Limited is an excel- 
lent example of such a development. This 
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company was established early in this century, 
when refining was done near the oilwells, for the 
purpose of developing its own oilfields in Peru. 
At a later date an associated company was set up 
to operate a similar property in Ecuador. As 
the industry developed it was decided to erect a 
refinery at Ellesmere Port, Cheshire, not far from 
Liverpool. The plant, which was put into 
operation in 1934, is designed on modern lines 
and occupies some eighty acres. Additions have 
been made from time to time, as new processes 
were introduced. The company owns a fleet of 


SHORT LIST OF PETROLEUM PRODUCTS 
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One of the most important sections of the 
plant is that which operates on the Edeleanu 
Solvent System, which is described below and 
for which the G.E.C. has supplied the whole of 
the electrical equipment, comprising a large 
number of motors of various sizes and totalling 
over 600 h.p. Owing to the presence of in- 
flammable vapour at various points, most of 
these motors are of the flameproof type as 
certified for Group 2 by the Mining Equipment 
Testing Station of the Ministry of Fuel and 
Power, Buxton. 


— AND SOME APPLICATIONS. 





WELL PRODUCTION 
BY-PRODUCTS 


NORMAL CRUDE 
~PETROL—AVIATION FUELS. 


>DIESEL FUEL. 


NAPHTHENIC ACIDS 
EXTREME PRESSURE 
LUBRICANTS 


>~WAXES—CANDLE WAX 
HARD GREASES. 





»>WILD GASES—RECOVERY PLANT—HIGH OCTANE BLENDING STOCK. 
>CARBON BLACK 


—DOMESTIC GAS. 
—MOTOR TYRE INDUSTRY. 


»~SOLVENTS FOR RUBBER TRADE AND DRY CLEANING. 
>~WHITE SPIRIT—MINERAL TURPENTINE SUBSTITUTE. 
>~PARAFFIN—ILLUMINATING AND POWER 

~GAS OIL—BASES FOR INSECTICIDES, ETC.—MINERAL COLZA. 


>~FUELS—LIGHT -—COOKING, CENTRAL HEATING. 
—HEAVY —STEAM BOILERS. 


TECHNICAL WHITE 


J OILS | TRADES 
v ~SPINDLE OlL—< TRANSFORMER OILS A & B. MARKET 
a SPECIFICA- 
“a2 L SWITCH OILS TIONS 
Oz= FOR 
V5= ENGINE OIL—MEDICINAL PARAFFIN. AUTOMOTIVE 
i BRIGHT STOCK AND GENERAL 
vs« ~CYLINDER STOCKS— + CABLE IMPREGNATING OILS. LUBRICATION. 
ZV 
Ou ~ASPHALTS—PAINTS—ENAMELS—EMULSIONS—ROAD ASPHALTS. 
rz 
a =a PITCHES. 
552 
as * »>SOLVENT EXTRACTS. 
oO 


BASES FOR BOOT AND FLOOR POLISHES. 


PAPER IMPREGNATION alae — ETC.) 
PETROLEUM JELLY—MEDICIN 
PETROLATUM—WATER-FREE GREASES. 


FINE WEAVING AND 


CONFECTIONERY BLENDS TO 
MEET 








Fig. |.—Petroleum products and their derivatives. 


tankers which bring the crude oil from South 
America to large storage tanks at the Refinery 
which 1s situated on the Manchester Ship Canal. 


ELECTRICITY SUPPLY AND DISTRIBUTION 

As would be expected, much of the plant is 
electrically operated. Power is received at 3,000 
volts, 3 phase, 50 cycles, and is taken to three 
substations, where it is transformed to 440 volts 
for general distribution through the plant. The 
whole of the substation switchgear, comprising 
industrial type oil circuit breakers fitted with 
overload and reverse power relays, was supplied 
by the G.E.C. 


DISTILLATION OF PETROLEUM 


From storage the crude is passed through a 
two-stage distillation unit. In the first stage, 
under atmospheric pressure, the distillates are 
motor spirit, white spirit (now well known as 
turpentine substitute), kerosine (or paraffin), 
diesel fuel and a residual oil conveniently known 
as “atmospheric bottoms”. Each distillate 
fraction is boiled off under strictly controlled 
conditions of temperature and pressure to 
ensure that each product is “clean cut” 
or, in other words, that there is no 
overlapping. Each is removed in the vapour 
state, condensed and cooled. The heat ex- 
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tracted is used for preheating incoming fresh oil. 

In the second stage, to avoid overheating, 
atmospheric bottoms are distilled under vacuum 
to obtain lubricating oil fractions (“ lubes ”’). 
Here also strict control is exercised to ensure 
proper conditions, so that the individual products 
shall be correct. As will be seen from the flow 
sheet (fig. 2), five separate grades of lubes are 
obtained, leaving a bituminous residue. Again 
it should be noted that all the oils are condensed 
from the vapour state. Although the process is 
continuous, all products are batch checked in 
small batch tanks prior to removal to inter- 
mediate distillate storage. 





VACUUM 

EQUIPMENT 

PETROL 
SPINDLE KEROSINE 
CRUDE 
DIESEL STORAGE 
| FUEL 
CYL STOCK 
ESIDUE 











VACUUM ATMOSPHERIC 


In the case of the Peruvian and Ecuadorian 
crudes handled by Lobitos, certain of the at- 
mospheric distillates are marketable without 
further treatment, but each, in turn, can be further 
developed for more specialised uses. (See 
Product List, fig. 1.) The lubricating oil dis- 
tillates, however, require refining to meet general 
market or customers’ specifications. 

For many years lube distillates were treated 
with acid to remove deleterious substances and 
to render the distillates fit for use as lubricants, 
and although the principle altered little, constant 
advances were made in detail. Of late years the 
older method has been supplanted to a consider- 
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Fig. 2.—Flow diagram of the Edeleanu process. 
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fulfils these conditions. 
As will be seen from the 
flow diagram, the plant is 
arranged also for de-waxing 
and to reach the low tem- 
perature required for this, 
SO, is used also as a refri- 
gerant. While the chilling 
circuit and the solvent sys- 
tem are independent of 
each other, a certain over- 
all economy is obtained in 
that storage and handling 
of a separate refrigerant 
are avoided. The chiller 
compressor for the SO, is 
driven through a V-belt, 
by a 67 h.p. protected type 
slipring motor running at 
955 r.p.m., controlled by a 
stator oil circuit breaker 
and an oil-immersed rotor 
starter. 

The principle of the 
solvent plant is simple. 





Fig. 3.—I13 h.p. femeataet fan-cooled squirrel cage motors driving multi- The distillate is mixed 
stage centrifugal pumps delivering liquid SO, to process at 300 Ibs. /sq. in. with correctly proportioned 
The starters are in a remote gas-free area. solvents and the mixture 


able extent and solvents have taken 
the place of sulphuric acid. _In spite 
of the new development, however, 
acid treatment is still preferred for 
certain specialised oils. 


THE EDELEANU PROCESS. 

This process which, as already 
stated, has been installed by Lobitos, 
is for the removal of aromatic and un- 
saturated compounds from petroleum 
distillates by extraction with liquid 
SO,. Solvents for this purpose must 
meet two requirements: first, they 
must be selective solvents for the 
deleterious portions of the oil, and, 
secondly, for economy, they must 
leave the oil in an uncontaminated 
condition and must be readily 
recoverable. Liquid SO, with the 


addition, in certain cases, of benzole, 


Fig. 4.—20 h.p. and 13 h.p. flameproof fan- 

cooled motors, driving multi-stage high- 

speed centrifugal pumps handling extract 
solution in the treatment section. 
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allowed to settle when the oil 
rises and the solvent settles to 
the bottom of the tank, extracting 
with it the unwanted portion 
of the oil. Actually, multi-stage 
counterflow mixing and settling is 
employed and though, for simplicity, 
three stages only are indicated in the 
flow diagram, the number may be 
greater and will depend on the 
distillate and the specification to 
be met. 

The net result is that in the final 
mixing stage oil which has already 
been treated in two or more previous 
stages, is mixed with fresh solvent 
supplied by pumps, as shown in fig. 3. 
At the other end of the counter 
current mixing, used solvent is 
mixed with fresh incoming distil- 


Fig. 6.—Rotary drum type filter in the 

solvent de-waxing plant driven by a7} h.p. 

flameproof motor through a V-belt and 
variable speed gear box. 





























late. Distillate from the last settling 
stage passes on with a trace of 
solvent to multi-stage evaporators 
where the last vestige of solvent is 
removed as vapour, and the finished 
refined distillate, now known as 
‘* Raffinate ”, is pumped off to a 
run-down tank. In a similar man- 
ner solvent, with the extracted 
matter, leaves the first settling stage 
and passes through a series of sol- 
vent recovery evaporators (fig. 4). 
A 52 h.p., 440 volt, 955 r.p.m. 
protected type slipring induction 
motor drives the compressor for the 
recovery of the SO, solvent. Two 
multi-stage high speed centrifugal 
pumps driven by flameproof fan- 
cooled motors of 13 h.p. and 20 h.p. 
respectively, pump the extract 
solution to the evaporators. The ex- 
tract has many uses, varying with 


Fig. 5S. — Three 35 h.p. flameproof 
squirrel cage motors, remote push 
button controlled, driving the scraper 
blades of a three-stage chiller plant 
through worm reduction gear. 
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the distillate treated and ranging from weed killer 
to drying oil for the paint industry. Recovered 
solvent vapours are compressed and condensed 
back to liquid for use again. The solvent thus 
travels in a closed circuit and requires only 
sufficient make-up to balance the working 
losses. 

This solvent extraction is applicable to all 
distillates, whether they contain paraffin wax or 
not, but oils containing wax require an additional 
treatment to remove it. Rafhnate from the 
settlers is diluted with a further amount of care- 
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liquor is also drawn through the wax cake, thus 
washing more oil out of the wax into the seg- 
ment. After top dead centre the vacuum con- 
nection is broken through the valve gear and a 
pressure of neutral gas is applied to the inside of 
the segment. This pressure cracks the wax 
cake which falls into a screw conveyor channel 
and drops into a main conveyor serving all filters. 
The filtrate and the wax are then pumped on to 
solvent recovery evaporators whence, after being 
stripped of all solvent, they are transferred to 
run-down tankage. 





Fig. 7.—lronclad switchboard with pedestal type oil circuit breakers and oil-immersed rotor 


starters. 


The motors in the de-waxing plant and in the treatment section are remote 


push button controlled. 


fully proportioned solvents and cooled down to 
—20 degs. C. to —30 degs. C. in chillers (fig. 5), 
when the wax content crystallises and can be 
filtered out to leave de-waxed raffinate or filtrate. 
In this plant the filters are of the rotary-drum 
type (fig. 6). The drum is built up of a number 
of segments and is covered by a fine mesh filter 
cloth. It rotates, partly submerged, in a bath of 
cold oil in which the wax is present as crystals. 
Each segment in turn, as the drum rotates, makes 
contact, through valve gear, with different pipe 
systems. While any segment is passing through 
the bath, it 1s subjected to vacuum so that oil 
is drawn through the cloth, leaving a wax cake 
on the outside. Vacuum is sustained until the 
segment is clear of the bath, when the wax cake 
1s sprayed with a solvent wash-liquor. This 


The basic principle is simple, but success 
depends on rigid control. All key points are 
served with automatic controls covering quantity, 
pressure, temperature, solvent ratio or density 
or a combination of two or more of these 
features. 

From the flow diagram it will be noted that 
processes may be broken off at any point at 
which a desired product has been reached and, 
similarly, any individual process may also be 
extended to handle new developments. 

Additionally, a new cracking and polymerisa- 
tion unit has been equipped. The cracking 
section can either operate on crude oil or can 
handle heavier oils which are obtained from 
various intermediate points in the other plants 
and which, depending on economic considera- 
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ions based on market requirements, it may be 
jesired to break down to motor spirit. 
Whatever type of oil is “‘ cracked ”’, a certain 
umount of gas formation is unavoidable. By 
passing a selected portion of this gas through the 


breakers and oil-immersed starters, shown in the 
centre of the board, control the 67 h.p. SO, 
chiller compressor motor and the 52 h.p. motor 
driving the evaporator compressor for SO, 
solvent recovery. These compressors (fig. 8), 





Fig. 8.—The de-waxing plant with the chiller compressor in the foreground and the evaporat- 
ing compressor in the centre. The de-aerating pump is seen in the background. 


polymerisation unit, it can be converted into 
petrol of a very high anti-knock value. 


MOTOR CONTROLS. 


Many of the motors, particularly in the treat- 
ment and de-waxing sections, are of the flame- 
proof type. To avoid the necessity of using a 
large amount ef flameproof switchgear, these 
motors are remote controlled from the switch- 
board, as shown in fig. 7. Flameproof stop /start 
push button controls are located near the motors. 
The left-hand section of the switchboard con- 
sists of the push button starters for the de-waxing 
plant, while the right-hand section comprises 
those for the treatment section. The oil circuit 


as well as a 7 h.p. motor driven de-aerating pump 
for exhausting air from the plant prior to starting 
operations, are located in the same building as 
the control board. 

In the Water Pump House, cooling water for 
condensers, etc., is supplied by centrifugal 
pumps, directly driven by two 45 h.p. and one 
20 h.p. slipring induction motors. 
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Electrical Engineering Problems in the Tropics 


By R. ALLAN, A.M.I.E.E. 
G.E.C. Resident Engineer, Madras. 





INTRODUCTION. 


| URING the past fifteen 

years electric power 

has been adopted in 
India on a vast scale. Far- 
reaching schemes are in hand 
covering hundreds of thou- 
sands of square miles: the 
great rivers are being har- tions. 
nessed for the twofold pur- 
pose of irrigation and the 
generation of electric power, a 
large proportion of the elec- 
tricity being used for irriga- 
tion pumps many hundreds of 





This article is reprinted from 
the Fournal of the Institution of 
Electrical Engineers, 1948, Vol. 
95, Part II, No. 45. 

It discusses the problems which 
confront the electrical engineer 
working under tropical condi- 
Typical 
troubles encountered are cited and 
methods of design and engineer- 
ing practice are suggested by 
which they may be overcome or 
their effect minimised. 


with no useful practical ex- 
perience and no opportunity 
of learning through appren- 
ticeship ; on the other, a very 
large number of unskilled 
agricultural workers who 
have drifted towards the in- 
dustrial centres, where they 
have been absorbed into en- 
gineering industries. The 
educated cannot do practical 
work on account of religious 
or social status, while the 
uneducated understand little 


examples of 








miles from the rivers. 

Immediately in the wake of this great surge of 
electrical development there is likely to follow 
a wave of widespread electrical troubles, unless 
designers and manufacturers of electrical 
machines and allied equipment awaken to the 
fact that conditions in the tropics are formidable 
factors in the planning of really reliable goods for 
the export market. 

Unfortunately, designers tend to be, not only 
conservative but, what is worse, incredulous, and 
it is the aim of this paper to bring home to them 
the difficulties under which their plant and 
overseas engineers have to work. 

The chief factors to be contended with are : 

Unskilled labour. 

High temperature and strong sunlight. 
High relative humidity. 

Salt-laden atmosphere. 

Dust. 

Rodents and insects. 

These conditions are dealt with individually in 
the paper, and examples of the types of faults 
which the author has experienced are given. 


UNSKILLED LABOUR. 
PRACTICAL TRAINING DIFFICULTIES. 

Only about 5 per cent of the population of 
India can read and write. Although there are 
good universities and colleges which can deal 
with the theoretical side of engineering, there are 
few institutions or workshops where practical ex- 
perience can be gained, and there are very few 
experienced teachers. 

The result of these conditions is, on the one 
hand, an immense number of degree students 


or nothing of their work. 
There are few craftsmen who 
have a personal pride in turning out a first-class 
product ; a tolerance of 0-005 inch is almost 
unknown, ;; inch being as fine as can generally 
be expected. 

This labour situation must be borne well in 
mind in the designing of machines and apparatus, 
which have to be erected, dismantled, repaired 
or maintained in India. The following examples 
will help to bear out this point. 


MAINTENANCE, REPAIRS AND ERECTION. 


Trouble experienced with D.C. machines is 
usually due to the failure of the maintenance 
staff to appreciate the need for care in the fitting 
of new carbon brushes or rocker assembly. 

Badly fitted brushes, loose in holders and not 
carefully bedded, and incorrect brush tension, 
all result in chatter, sparking, rapid wear with 
heavy carbon deposits causing earths, and hot 
commutators causing riser-connection solder to 
‘throw ”’, and eventually the machine burns out 
Owing to one or more of these faults. 

The usual method of “‘ bedding ” a brush is 
to rub it down with emery paper on a flat board, 
to an angle of about 30°. 

On reassembly after repairs, the brushgear 
is seldom correctly fitted, with the result that 
brushes are not in the best position for com- 
mutation or are out of alignment, staggering is 
incorrect, brush boxes are too far from the 
commutator, and brushes of incorrect grade are 
fitted. 

With about eight possible mistakes to make 
on brushgear alone, it is probable that at least 
four errors will be made. 
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A post-graduate apprentice, asked to report 
yn the reasons for the sparking of a motor in the 
vorkshop, turned up three days later with a 
ong, complicated report on armature reaction, 
field reversal, etc. The trouble was due simply 
‘o dirty brushes which took five minutes to clean ! 

On machines up to | h.p. a great deal of 
trouble could be eliminated by the more general 
use of rectangular side-entry brush-holders, 
integral with the frame or end-cover. The 
tension springs should be fixed to the screw cap 
and should be short enough to ensure that they 
cannot touch the commutator when the brush 
has completely worn away. 

Where brush rockers are fitted, the correct 
commutating position should be clearly indicated 
by a brass arrow and indicating plate, so that 
their purpose is self-evident. The usual chisel 
mark is insufficient. 

To achieve correct alignment, staggering, and 
spacing from commutator, spindles should be 
shaped (certainly not circular), and increased or 
decreased in thickness where brushes are fixed. 

Brush springs should be designed to give 
reasonably constant tension throughout brush 
life, without adjustment. 

Small drilling machines have a very short life 
in the hands of rough unskilled labour, usually 
owing to failure of the operator to switch off 
when the machines stall. In all hand tools of 
this description there should be incorporated 
small thermal overload trips which operate as 
the machine approaches the stalling point. 

The inside of the terminal box lid on a series 
machine should be coloured bright-red and bear 
the warning “ not to be run without load”. The 
author has seen many disastrous results due to 
series motors being started on no-load to see if 
they run properly. 


A.C. COMMUTATOR MOTORS. 


The introdaction of variable-speed com- 
mutator motors into the cotton industry and 
elsewhere, where maintenance labour is not 
highly skilled, is of doubtful value. 

The large number of brushes moving almost 
continuously, and the constantly moving brush 
rockers and gearing, constitute major problems 
with inexperienced and unreliable labour. The 
author has had experience with only two of these 
motors and found that within a few months of 
installation the speed variation has been dis- 
pensed with entirely, the machines running thus 
for the past six years. 

When a machine is stripped down for repairs 
or cleaning, the reassembly of the brushgear 
and connections produces a very difficult prob- 
lem for any but highly trained and experienced 


staff. The re-winding of such machines in India, 
in the event of a burn-out, is generally beyond 
the capabilities of the average winder, accus- 
tomed only to simple jobs with winding details 
within his elementary grasp. 


CHOICE OF WINDING WIRES. 


Bearing in mind the lack of repair facilities, 
manufacturers should always, wherever possible, 
export machines with circular-section winding 
wires throughout, as re-winding with machine- 
formed rectangular-section wire, particularly on 
armature and rotors, is beyond the capabilities 
of most repair shops, and also because stocks of 
such conductors are seldom, if ever, held by 
repair workshops or wire importers. India is 
many thousands of miles away from England, 
and immediate replacement of a vital motor or 
generator is frequently impossible, but repairs 
can be put in hand quickly, provided that 
rectangular-section wire is not involved. 


ERECTION DETAILS. 


Manufacturers, and especially those who have 
no representative engineer in the field to super- 
vise erection, should leave no vital point to the 
discretion of the erector. Before the machine 
leaves the works, it should be accurately lined 
up for air-gaps, bearings and couplings, and 
dowel pins should be fitted and any adjustments 
involving the use of feeler-gauges made before 
the machine is despatched. Where this is not 
possible, particular attention should be drawn to 
the necessity of thorough inspection before 
commissioning. When lining-up involves the 
use of shims under machine feet, these sets of 
packing pieces should be securely fixed to the 
relevant feet before despatching, in an attempt 
to reduce the possibility of their being wrongly 
fitted or entirely omitted. 

Erection drawings should be as detailed as 
possible ; the adoption of perspective diagrams 
for general arrangements has much in its favour. 

Whenever possible, flexible couplings should 
be used to overcome lining-up difficulties, and 
in small sets, such as $-h.p. pump sets, leather 
washers should be used in place of rubber, as 
the latter wear out very rapidly even with good 
machine alignment. 

Accessibility cannot be over-emphasised, 
especially for all motors with brushgear. It is 
often talked of, but seldom adequately practised. 
EFFECTS OF HIGH TEMPERATURE AND 

STRONG SUNLIGHT. 

GENERAL CONDITIONS. 

Climatic conditions in India vary considerably 
between the extreme North, with temperatures 
ranging from 20 degs. F. to 120 degs. F., and the 
Southern Peninsula, with temperatures varying 
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between 70 degs. F. and 125 degs. F. and day- 
and night-temperature differences of 15-20 
degs. F. 

Starting from “ cold’. with an ambient tem- 
perature of 52 degs. C. (126 degs. F.) a standard 
50 degs. C. rise gives a final temperature of 
102 degs. C., a value which designers should 
bear in mind. Even this is often exceeded where 
the apparatus is exposed to direct sunshine. The 
temperature reached by metal exposed to the 
sun is often as high as 75 degs. C., a formidable 
temperature at which to start an exposed machine 
or article of plant from “‘ cold ”’. 

The daily number of hours of strong sunshine 
averages ten throughout the year, and, apart from 
temperature considerations, its effect on exposed 
rubber and other materials subject to ozonisation 
must not be overlooked. 


EFFECT OF HIGH TEMPERATURE ON MATERIALS. 


From experience gained, it seems clear that 
the qualities of certain dielectrics are seriously 
affected by temperatures higher than those which 
are normally experienced in Britain, and that, 
with a rapidly decreasing resistivity with in- 
crease in temperature, a critical value 1s reached 
just before 100 degs. C. Cotton, linen, paper and 
similar fibrous insulating materials lose their 
‘“‘nature”’ and tend to disintegrate at about 
90 degs. C., and any increase in temperature 
over 100 degs. C., soon produces charring. 

The following are typical examples of diff- 
culties experienced : 

In one city, and within twelve months of 
installation, a number of D.C. air-conditioning 
units of American manufacture failed, owing to 
the burning-out of compressor motors. Careful 
tests of the gas pressure, speed, voltage and 
current confirmed that all were correct, and that 
under American climatic conditions the motors 
were running below full load. Even with a 
reduction in gas pressure and compressor speed, 
replacement motors burnt out, owing to the 
charring of the insulation. Satisfactory running 
was obtained only after motors with a 50 per cent 
greater rating than necessary under conditions 
in U.S.A. had been installed. 

The frequent failure of capacitor motors is 
generally due to the burning-out of the paper- 
foil condensers. This is especially true when 
the condenser is fitted as an integral part of the 
motor, sometimes accommodated within the 
rotor spider or where the ventilation is poor, or 
in. contact with the machine body, as often 
happens with motors in refrigerator cabinets. 

Examination of damaged condensers shows 
that the majority of the faults are due to over- 
heating, causing the drying-up of the wax, the 
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melting of the compound filling or sealing, and 
the charring of the paper dielectric at the edges 
overhanging the foil. Also, the whole body of 
the paper dielectric loses its “‘ nature”’ at high- 
operating temperature (although below the 
charring point), and becomes brittle and cracks at 
the points where initial folding takes place (fig. 1). 

The condenser trouble could be eliminated 
almost entirely by fitting the condenser external 
to the motor, raising it so that there is an air 
space between it and the machine body, and, 
where possible, deflecting over it an air-stream 
from a fan on the shaft, or the cooler incoming 
motor-ventilating air. 





Fig. |.—Deterioration of electrolytic condenser 
during shipment. 


As regards the construction of the condenser, 
a better product would result if the initial flat fold 
were eliminated by using a thin former with 
radiused ends. This would eliminate cracking 
at the folds, with the resultant short-circuiting 
between layers. The overhanging ends of the 
paper should be dipped in a high-melting-point, 
soft-setting wax of high electric strength and low- 
absorption factor. Treatment of the paper itself 
with polythenes such as Alkathene might produce 
a more reliable condenser. 

In many instances where Bakelised fibre sheet 
is used for carrying brushgear on small motors, 
the high-temperature conditions produce con- 
siderable distortion, resulting in bad and noisy 
commutation. 

Materials with oil bases, such as linseed oil, 
quickly give up their base and deteriorate. 
Examination of a burnt-out armature coil on 
which both yellow and black Empire tape had 
been used, showed that whereas the yeilow tape 
had become so brittle that it crumbled into frag- 
ments when touched, the black Empire tape was 
in good condition (fig. 2). 

Linseed oil-based tape is fundamentally un- 
suitable for tropical conditions, but was used 
until recently by leading manufacturers. Black 
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bitumastic tape has proved very reliable, and the 
author recommends its adoption to the complete 
exclusion of yellow tape. 

The same remarks are of course applicable to 
yellow Empire tubing, which should be replaced 
by plastictubing. Yellow Empire materials cannot 
even be kept in stock for longer than six months, 
as the base-oil oozes out of it and rotting occurs. 

Laminated Bakelised materials are quite 
satisfactory, but where they have to withstand 
high-voltage strain the material should be cut 
from blocks across the grain, as otherwise 
tracking is likely to occur between the lamina- 
tions, resulting in charring and breakdown. This 
occurs even when they are immersed in oil, 
e.g. when the material is used as links in high- 
voltage oil circuit breakers. 

Recently, in stripping down for overhaul a 
turbo-alternator set, it was found that all the slot 
wedges had shrunk and were very loose, and a 
number had already dropped out of the slots. 
The temperature in the district reached 125 
degs., but the relative humidity seldom exceeded 
30 per cent. 

Replacement of these wedges by new ones 
made of Indian satinwood found in the adjacent 
jungle overcame the trouble. 

In the hot months all substation steelwork, 
transformer tanks, cable boxes and kiosk roofs 
exposed to direct sunshine, reach a temperature 
in the vicinity of 75 degs. C. Erection work on 
steel structures must be done before 11 a.m. 
and after 4 p.m., as between these hours neither 
structures nor tools can be handled. 

From these facts it will be appreciated that all 
overhead busbars must have expansion joints, 
and connections to transformers, circuit breakers 
and potential transformers must be in braided 
or flexible copper. Where rigidity is desirable, 
solid conductors should have expansion loops 
to avoid terminal strains. 

Special high-melting-point compound must 
be used in cable boxes under such conditions, 
but unfortunately this point is frequently over- 
looked, and the melting compound escapes. 

A fault of an apparently hitherto unnoticed 
type was recently found on opening low-voltage 
cable boxes on outdoor transformers. The cable 
tails were in tension on the through-bushings, 
and in some instances the tension (vertically 
downwards) had* been sufficient to crack the 
bushings at the flanges. This fault is apparently 
due to sag of the copper within the cable, the 
armour gland holding the steel wire or tape 
firmly in position while the inner components 
sag. A satisfactory solution of this problem is at 
present being sought. 

A great deal of trouble has been experienced 





with Muntz-metal castings for small motor 
frames, particularly when applied to con- 
tinuously-rated machines. At operating tem- 
peratures of 60-100 degs. C. a very considerable 
amount of permanent set takes place with expan- 
sion. On cooling, the stator casting does not 
return to its normal dimension and is found to 
have “‘ grown” considerably. 

This trouble appears to be widespread through- 
out India, and the author’s last experience con- 
cerned an installation of twelve machines, each of 
which burned out within a short time of com- 
missioning. On these machines permanent ex- 
pansion of the stators amounted to 0-040 inch in 
a diameter of 6ins. This expansion caused the 
Stator stampings to drop by an amount greater 
than the air-gap, resulting in the burning-out of 
all machines. The substitution of cast-iron 
frames completely cured the trouble. 


DE-RATING. 


Until glass, silicones, enamel or improved 
plastics are available in large quantities at costs 
little more than for cotton or silk, small machines 
should be derated, particularly where they are 
likely to run on full load for periods longer than 
one hour, or where frequent starts and stops are 
required, as in refrigerator work. 

For example, where the calculated horse- 
powers or those ascertained by test under British 
conditions, are }, }, 4, ?, the values for machines 
exported to the tropics should be revised to }, 
}, j, and 1 h.p. respectively. On small machines, 
theoretical temperature rise should be ignored 
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Fig. 2.—Part of a scrapped armature coil, showing 

relative conditions of yellow and black Empire tape. 

The yellow tape is brittle and cannot be unwound ; the 
black tape is in perfectly good condition. 
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and tests made on prototype machines under 
actual operating conditions. For example, in 
order to eradicate the repeated trouble ex- 
perienced with refrigerators, tests should be 
carried out in the makers’ works in rooms heated 
to 45 degs. C., relative humidity 80 per cent, for 
a period of six months’ continuous operation 
with the door opened for a period of one minute 
every twenty minutes during twelve hours each 
day. The motor should preferably be of the 
D.C. type, and all repairs necessary should be 
left entirely to the designer. The author feels 
that this would result in a better production than 
is generally available. 

The result of having to install larger motors 
may be a small increase in price and an in- 
appreciable decrease in motor efficiency, but a 
much more reliable product. In refrigerators, 
which are the most common and troublesome 
application of fractional-h.p. motors in India, 
the reduced heat in the motor cabinet and the 
lower temperature of exhausted hot air at the 
back, would increase the efficiency of the unit 
and amply cover the loss in motor efficiency. 


EFFECT OF HIGH RELATIVE HUMIDITY. 
COMPARISON OF CONDITIONS. 

The coastal areas of the Indian Peninsula are 
subject at all times to high relative humidity, but 
particularly during monsoon conditions when the 
relative humidity reaches 90 per cent and over. 
This in itself is a factor worthy of consideration, 
but when viewed in relation to temperature it 
becomes an even more important factor as the 
following figures show : 

England India 
Air temperature 60 degs. F. 90 degs. F. 
Relative humidity 90 percent 90 per cent 
Water /ft® air 5-1 grains 13-2 grains 

It will be seen that there is 2-6 times as much 
moisture present in tropical atmosphere as in 
that of Britain, at the same degree of relative 
humidity in typical temperature conditions. 

In considering tropical conditions, tempera- 
ture and humidity become inseparable factors. 
The following theory is suggested for faults with 
insulating materials, as well as for flash-overs 
which occur for no apparent reason. 

At high ambient temperature the moisture 
content of the atmosphere at high relative 
humidity consists of minute water particles, 
almost molecular in size and in a very highly 
agitated state. These microscopic particles, 
travelling at high velocity, are able to penetrate 
materials and spaces normally considered 
moisture-proof or airtight, and affect to a very 
considerable extent the insulating properties of 
materials, rendering their absorption factor 
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greater than would be found by actual immer- 
sion in water at low temperature. 

Breakdowns due to high relative humidity, 
taken in conjunction with temperature, may be 
divided into three groups : 

The effect of high relative humidity at high 


temperature. 

The effect of drop in temperature without 
condensation. 

The effect of drop in temperature with con- 
densation. 


The following specific examples arising in the 
course of the author’s everyday work will illus- 
trate the points raised. 


THE EFFECT OF HIGH RELATIVE HUMIDITY AT 

HIGH TEMPERATURE. 

When relative humidity is high, the moisture 
absorption is naturally increased, and reaches 
such a pitch that at about 40 degs. C., relative 
humidity 90 per cent, some insulating materials 
may be considered as poor conductors rather 
than as good insulators. The following are 
typical examples based on experience. 
Bituminous Materials. 


Several Admiralty pattern condensers with a 
working voltage rating of 20,000, housed in boxes 
of black bituminous material, similar to that of 
which telephones are made, proved faulty 
immediately on being energised and were 
brought to the author for investigation. (The 
air temperature was 41 degs. C., and relative 
humidity 70 per cent.) 

A 250-volt insulation-resistance test applied to 
the case showed zero insulation with the leads 
3 ins. apart, although the surface tested was wiped 
with a dry cloth prior to the test. It was found 
that the material of the case had absorbed 
moisture throughout its body by way of its pores, 
although the container had an extremely high 
finish, and that the moisture had also permeated 
to a very considerable extent the high-voltage 
compound surrounding the condenser element. 

The design and construction of this condenser 
had two faults : 

The container was made of unsuitable material. 

The compound was hard-setting instead of soft. 

The trouble was permanently overcome by 
replacing the condenser container by a glass 
accumulator jar, filling it with paraffin wax in- 
stead of compound, and heating the whole 
carefully to 80 degs. C. to drive off moisture and 
possible air bubbles, the whole being allowed to 
set in a warm, dry cupboard. 

Porcelain. 


From tests made by the author, it can defi- 
nitely be stated that in the majority of cases the 
porcelain used for wiring connectors, switch- 
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nteriors, lampholders and socket interiors loses 
‘s normal insulating properties in highly humid 
tmospheres at temperatures between 30 degs. C. 
nd 50 degs. C. 

Perfectly new porcelain parts such as those 
aentioned often show zero insulation resistance 
etween terminals at 230 volts, and tracking 
etween terminals is a very common fault. It 
eems apparent that glazed, rather than unglazed, 
oorcelain should be used for export articles of 
reliable quality. 

Trouble of this description is seldom found 
with good quality Bakelite materials, although 
iracking does occasionally take place, particu- 
larly between plug terminals. 

Asbestos. 


Asbestos in the form of tape or sheet should 
be avoided when possible as it is highly hygro- 
scopic and when left unheated for even a few 
hours is liable in humid climates to produce 
dangerous results on such hand appliances as 
soldering irons and smoothing irons where the 
asbestos sheet is used as an insulating medium, 
or where care has not been taken to ensure that 
it touches no live part of the element. 

Black Adhesive Tape. 


Black adhesive tape is perhaps the worst 
offender so far as moisture collection is con- 
cerned, and its use should be completely banned 
in the tropics. There are perhaps more break- 
downs caused through its use than through any 
other type of fault. 

Fibrous Materials. 


The two factors, high relative humidity and 
high temperature, are so closely linked that the 
remedies for faults due to either must be con- 
sidered together. 

The use of fibrous materials of vegetable 
origin should, wherever possible, be avoided. 
These include cotton, linen, paper and silk, all 
of which char ér disintegrate in the vicinity of 
100 degs. C., and have a considerable affinity for 
moisture, even when treated with the usual im- 
pregnating varnishes. Alternatives are at present 
difficult to prescribe, owing chiefly to the lack of 
Suitable materials at economic rates. 

THE EFFECTS OF DROP IN “TEMPERATURE 

WITHOUT CONDENSATION. 

Considerable trouble was experienced on 
22 kV outdoor sheet-steel kiosks on a grid 
scheme, the incoming and outgoing bushings 
breaking down inside the kiosk, and flash-overs 
occurring between phases with the bushings 
inside 15 ins. apart. These faults did not occur 
during the wet season when torrential rains are 
experienced, but happened immediately after a 
heavy shower of rain at the end of a hot sunny 


day. It appeared to the author that the following 
conditions were responsible for the break- 
downs : 

The temperature of the steelwork of the kiosk 
was extremely high—possibly 72 degs. C.—when 
the rain started, and the extremely hot air within 
the cabinet rapidly absorbed all the available 
moisture and spray brought in through the ven- 
tilating ducts, until the relative humidity 
approached 100 per cent (still at a considerable 
temperature, say, 45 degs. C.). In the author’s 
opinion these conditions produced a conducting 
path of dust-laden water particles between the 
bushings, causing the flash-overs between phases. 

Shellac-coated sheets of Bakelite were placed 
between the bushings to increase and baffle the 
flash path, and, consistent with the theory sug- 
gested, no further trouble has been experienced. 

Another example to support this theory may 
be quoted. In a certain district transformers 
and chokes in radar transmitters and receivers 
repeatedly broke down, the trouble assuming 
serious proportions when the installations became 
inoperative owing to lack of spares in India. 

The transmitting and receiving sets consisted 
of a number of packs at different levels, all 
housed in a sheet-steel cabinet with louvred 
sides for ventilation. Some sets worked 24 
hours a day, but those which did not were kept 
warm by carbon lamps during “ off” periods. 
All the sets eventually broke down. 

On all installations concerned, the breakdown 
occurred on the bottom pack, which consisted 
of a closed sheet-metal box, inside which were 
mounted the offending transformer and choke, 
the top face of the box carrying other equipment. 
Inquiry clearly indicated that the trouble was 
due to high humidity, the explanation being as 
follows : 

During the daytime, when the temperature 
and relative humidity were both high, the hot, 
moist air was carried into the cabinet and, in 
spite of ventilation which would normally be 
considered adequate, a certain amount of the 
incoming, cooler air settled at the base of the 
cabinet and penetrated the box containing the 
transformer and choke. In the early hours of 
the morning when the temperature is lowest, the 
relative humidity reached such a high level that 
a flash path was formed, and transformers and 
chokes flashed a considerable distance to earth, 
the trouble being aggravated by the effect of 
condensate on the covering of the windings. 

In an attempt to cure the trouble, a 3-in. square 
hole was cut in the bottom of the box and covered 
with fine gauze to bar the entry of insects, the 
top face of the box was drilled with a number 
of small holes to provide a through draught, and 
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the box was lifted 1 in. clear of the floor to permit 
a clear air flow to the 3-in. hole (fig. 3). 

The trouble which had been experienced was 
entirely eliminated, the alteration suggested by 
the author was put through as a “ Standard 
Alteration’ by the Command, and no further 
breakdown has been reported in three years. 

Where faults due to drop in temperature with- 
out condensation are experienced, such as in the 
examples cited, these may be overcome 
by providing complete through ventilation, 
natural draught usually being installed, care 
being taken to ensure that they are fitted at the 
lowest level. If necessary, exhaust fans are 
fitted, not to exhaust the warm, and therefore 
drier, air, but to remove the cold, moist air. 

In high-voltage equipment such as kiosks, 
clearances between phases and to earth should be 
increased. Although British Standard No. 159 
states that clearances in indoor equipment may 
be less than for outdoor equipment, the author 
considers that the reverse should be the case 
under tropical conditions for such applications 
as sheet-steel metering or switching kiosks. 


THE EFFECTS OF DROP IN TEMPERATURE WITH 

CONDENSATION. 

In the course of one week, eight 10 h.p. 
totally-enclosed A.C. motors on an important 
war plant broke down owing to earthing and 
short-circuiting of stator windings. 

On examination of the windings immediately 
after the last breakdown, the author found 
evidence of a considerable quantity of moisture 
having collected inside at the base of the stator 
and soaking the windings. On starting up in the 
morning, a heavy earth-fault had occurred be- 
tween the windings and the frame, eventually 
burning away the insulation between turns, with 
consequent short-circuits and burn-outs. 

Before re-winding, two {-in. holes were drilled 
in the base of the stator at each end, and small 
drain channels were chiselled radially from the 
holes to collect the condensate. The machines 
were then re-wound ; they are still, for all 
practical purposes, totally enclosed. 

The drilling of small holes also serves another 
purpose. The internal air pressure built up as 
the machine heats up frequently produces 
lubrication difficulties, as the grease (when it 
heats up and softens) is forced out of each 
bearing. The small holes relieve this internal 
pressure. Since in any case the atmosphere 
surrounding the motor is sucked in owing to the 
partial vacuum produced when the motor cools, 
the small holes in no way detract from the 
efficiency of this type of enclosure, and if the 
machine must be completely totally enclosed the 
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holes can easily be stopped up with gas-thread 
plugs. 

Repulsion induction motors are generally un- 
suitable for India on account of rusting and 
sticking of moving points when the machine has 
been allowed to stand idle for any length of time. 

The author has found it absolutely necessary 
to dry out all new motors and generators before 
putting them into commission. In the majority 
of cases, after three hours’ heating with current 
from an outside source through the windings, 
the insulation value of the windings drops to zero 


Holes drilled V/A 
In top plate : | 
a Mag | 



































Pata 
o? fia ae 
2 az” YS Gauze - 
\ ~ covered vent hole 
Packing-pieces to give 
floor clearance 


Fig. 3.—Cut-away view of cabinet with 
lower pack in position. 


measured on a 250-volt insulation testing-set, 
the moisture absorbed during the sea voyage 
being sufficient to cause a breakdown if pre- 
liminary drying-out is not carried out before 
commissioning. 

Fortunately, transformers are almost foolproof 
and give comparatively little trouble, provided the 
windings and oil are thoroughly dried out before 
commissioning, the joints are kept in good con- 
dition, and the oil is tested at frequent intervals. 

As regards breathers, the author strongly 
recommends the use of coloured silica-gel units, 
with glass inspection windows, as visual indica- 
tion of conditions at a glance is most desirable 
and greatly facilitates the work of inspectors, 
supervisors and maintenance staff. He has seen 
many instances of calcium chloride breathers 
having become quite inoperative through lack of 
occasional inspection, the calcium chloride having 
degenerated into a sludge. The danger of “ out 
of sight, out of mind ” must always be remem- 
bered when considering maintenance with 
unreliable labour. 

In a recent 100 kVA transformer breakdown 
the 100 gallons of oil was found to contain two 
gallons of water, causing a burn-out at 5 kV ! 

Compound-filled bus-chambers need the 
greatest of care in filling, as otherwise there are 
dangers of : 
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(a) Trapping of air bubbles unless the unit is 
srovided with a compound-entry at the bottom 
‘f the chamber, with its function clearly stated. 

(6) Over-filling, so that there is insufficient 
oom for expansion when the cover plates are 
itted. 

(c) Under-filling, allowing too great an ex- 
yansion space which forms a breathing-chamber 
ind results in the collection of moisture from the 
ur, the results being disastrous if hard-setting 
compound is used. 

The cracks which form in hard-setting com- 
pound act as traps for condensate in bus- 
chambers, and eventually sufficient water is 
iccumulated in the body of the compound to 
produce phase-to-phase or  phase-to-earth 
flash-over. 

Oil-filled chambers are preferable to com- 
pound-filled, and with well-tested modern gear 
the fire risk is negligible. Wherever applicable, 
the best type of busbar is the condenser-bushing 
type, as it eliminates the possibilities of flash- 
overs and fires, and at the same time gives a much 
cleaner and more foolproof job. 

High-voltage outdoor oil circuit-breakers 
breathe in a considerable amount of moisture, 
and the condensate can collect in dangerous 
quantities at the bottom of the oil. Regular 
checking of samples from the tank bottom is 
therefore essential. 

Cable terminal boxes, both indoor and out- 
door, are often subject to faults caused generally 
through faulty filling or the use of hard-setting 
compound. Air pockets are formed, usually be- 
tween the case and the body of the compound, 
and moisture collected in this space or within 
the cracks in the compound finds its way into 
the cable. 

Climatic conditions are not favourable for the 
use of V-rope drives of 200 h.p. and over, owing 
to the fact that all ropes do not stretch to the 
same extent, with the result that some are over- 
tensioned. Another outstanding drawback, even 
if all ropes do stretch to the same degree, is that, 
with rapid changes of temperature or humidity, 
rope tension alters and it is found essential to 
check large pulley bearings daily before starting 
up. 

The use in the humid tropics of machines or 
accessories which are totally enclosed, weather- 
proof, airtight or vapour-proof raises problems, 
as the nomenclature used is not always accurate. 

The author has found that for totally-enclosed 
motors, weather-proof fittings, switches and 
watertight plugs, so long as the item has not to 
be actually immersed in liquid or surrounded by 
dangerous vapours, a more reliable job results if 
drain holes are drilled in the article to let out 


condensate, in preference to taking steps to 
ensure that water or vapour cannot enter. 


SALT-LADEN AIR: EFFECTS OF SALT ON 
INSULATORS. 


Owing to the extremely high temperatures in 
the tropics, the rate of evaporation is corre- 
spondingly high, so that the prevailing winds 
from the sea have a large salt-water content. 

In addition to the normal corrosive effect of 
salt-laden air on metals, the author has seen 
innumerable instances of another type of cor- 
rosion occasioned by the presence of salt. 

As already mentioned, fibrous and bituminous 
materials are found to be very hygroscopic and 
become partial conductors, permitting the flow 
of current to earth or between terminals. 

In one instance, when a fault occurred on a 
wiring system and the junction boxes were 
examined, one of them was found to contain a 
sludge with alkaline properties, and a consider- 
able portion of the box had been eaten away by 
chemical action. The box had been mounted 
on a whitewashed, plastered wall, with a teak- 
wood block between it and the wall, the same 
screws carrying the junction box and the block. 

The author had experienced so many faults 
of this kind that he sent the box for chemical 
examination, and the following is a copy of the 
report received : 

“« The junction box sent has given us an in- 
teresting problem. The slimy deliquescent 
deposit is caustic soda and sodium carbonate ; 
although we should have expected to find sodium 
chloride also, there was no trace of it. 

‘* We believe that sodium chloride has escaped 
out of the plaster and crept over the junction 
box, thus causing discharge and electrolysis of 
the salt, the products being caustic soda and 
chlorine. This is a very corrosive mixture and 
has eaten away the bituminous compound of 
which the box is made. Chlorine would even- 
tually be given off as a gas, and some of the 
caustic soda would be changed to sodium car- 
bonate by atmospheric carbon dioxide. One 
remedy would be to make the box watertight to 
prevent the entry of the salt.” 

The solution suggested in the last sentence 
does not serve. The initial examination made 
by the author showed that the box material was 
damp throughout, and that leakage current 
flowed from the live terminal to the adjacent 
back fixing screw, and that for some unknown 
reason the salt involved had been drawn up the 
screw from the plaster and deposited as indicated. 

A similar effect would, of course, have resulted 
if salt-laden air had entered the box instead of 
being deposited on the wall, or if salt had been 
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present in sea-sand in the plaster—a common 
occurrence. 

Precisely the same type of corrosion takes place 
on porcelain multi-way connectors when elec- 
trical leakage occurs between terminals owing 
to dampness. 

The remedy for the trouble outlined is to use 
non-hygroscopic materials for junction boxes, 
and to seal up connectors and wire ends, or 
preferably the whole box, with a soft-setting 
compound. In order to avoid surface tracking, 
only single-way connectors should be used. 


DUST. 


During the very hot dry season in India, the 
atmosphere is laden with very fine dust which 
finds its way through the most minute spaces, 
and settles in fine, but ever-increasing layers, on 
everything which is not dusted daily, or blown out 
with compressed air at very frequent intervals. 

Ventilating ducts on machines become clogged; 
delicate instruments lose accuracy through in- 
creased friction ; wireless sets are badly affected 
by layers of dust settling on the contacts, valves 
and condensers ; and open bowl-type lighting 
fittings rapidly fill up with dust, which absorbs 
up to 60 per cent of the available light. 

Owing to the necessity of adequate ventilation 
on most electrical plant in which heating takes 
place, it is almost impossible to avoid the dust 
nuisance. On large installations, however, such 
as indoor switch and control rooms, and in 
cotton-mill motor rooms subject also to cotton 
fluff, it is advisable to have these rooms air- 
conditioned, thus overcoming simultaneously 
the harmful effects of high temperature, high 
relative humidity, and dust. 

RODENTS AND INSECTS. 

In India, rats, mice and squirrels form the 
rodent menace, and cockroaches, ants and ter- 
mites the insect pest, while lizards must be 
included in the list of nuisances in the electrical 
held. 

Rodents constitute a menace to rotating 
machines, as they favour motors and generators 
for nesting places, squirrels being perhaps the 
worst offenders. The open-protected type of 
motor as small as 1 h.p. frequently provides a 
temporary home for squirrels, which are able to 
admit themselves through holes as small as j-1n. 
diameter. 

The trouble caused by rodents is of two kinds : 

(a) The occupation of machines for nest- 
building, the nests or the rodents themselves 
becoming jammed between rotor and stator when 
the machines are started up, causing overloads 
on small machines and trouble at the brushgear 
of D.C. machines. 
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(b) The tearing away of the insulating material 
of the windings for use in nest-building else- 
where. The author has seen windings stripped 
to the bare copper in one night. 

Rats frequently nibble the lead covering off 
cables, and squirrels strip vulcanised rubber 
cables for nest material. 

Cockroaches are particularly harmful to auto- 
matic telephones, wireless sets and delicate 
apparatus. They seek confined dark spaces 
where there is warmth, and are so large that they 
form short-circuits wherever contacts exist. at 
short distances apart. They also eat the insula- 
tion from vulcanised rubber cables, as well as 
Empire tape and tubing, and are thus responsible 
for many faults. 

Red ants eat the insulation from vulcanised 
rubber, tough rubber sheathed, and lead 
covered cables, Empire tubing and similar 
materials which appear to contain, in irregular 
patches, an attractive sweet ingredient. The 
author has seen many cases of lead-covered cables 
being badly damaged by red ants entering 
junction boxes, creeping along the small space 
between the cores and the lead sheathing, and 
eating the insulation in several places, with 
resultant short-circuits and earths. Only cables 
containing red and blue colouring matters are 
attacked by red ants. 

Where Empire tubing is used in wireless sets, 
meters, etc., it is frequently stripped completely 
from the conductors by red ants in the course of 
a few hours, often with disastrous results. 

White ants or termites deposit moistened mud 
(under which they are concealed from their 
enemies while they work and travel) on con- 





Fig. 4.—Effect of white ant attack on rotary converter 
armature and field windings. 
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~nient surfaces, these often being walls carrying 
bles and junction boxes. When the insulation 
already poor, the addition of wet mud on the 


viring produces a good earth-path for heavy 
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akage currents, and, where the wires are in 
yntact with wood, fires often result. 


Fig. 5.—Filter apparatus of rotary converter; all the 
wire and coil insulation is destroyed. 


All woodwork incorporated in electrical plant 
must be termite-proof, as otherwise its life is 
likely to be very brief. Also, unless all cotton or 
fabric material on windings is thoroughly im- 
pregnated, in the course of a very short time it is 
likely to be completely stripped. 

In one instance a rotary converter which had 
been temporarily repaired with untreated cotton 
and had been lying idle for a few days, was found 
to have been attacked by termites, which had 
completely destroyed the field-coil taping, the 
armature binding cords, cotton sleeving and 
armature conductor covering. 

Fig. 4 shows the effect of white ant attack on 
the armature and field windings of a rotary 
converter. 

To withdraw the armature from the frame, it 
was necessary to chisel out the hard mud from 
between the armature and pole-faces. 

The filter apparatus in a separate box was 
completely destroyed (fig. 5). 

Snakes also give trouble, as shown in fig. 6. 


WIRING INSTALLATIONS. 
(GENERAL. 

Comments on tropical difficulties in electrical 
work would be incomplete without at least a 
passing reference to wiring installations. The 
following comments apply chiefly to offices and 
homes, as factory wiring is well covered by 
Government Rules and Regulations. 

In Indian buildings there is no lath-and- 
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plaster work, and most ceilings are of flat re- 
inforced concrete. To conceal wiring work is 
therefore a slow and expensive job as all walls 
have to be chased and conduits laid into the 
ceilings at the same time as the concrete is 
poured. 

As a rule, it is only after the building has been 
completed that the wiring contract is placed, and 
it is found that no provision has been made for 
meter rooms, incoming cables, mains wiring- 
runs, etc. 

Regulations are seldom complied with, and 
few, if any, inspections are made, so that wire- 
men using the poorest of materials can turn out 
a very bad job, and escape with impunity so 
long as the insulation resistance at the main 
switch is in the region of 1-2 megohms. 

It would be safe to say that not more than 
10 per cent of commercial or domestic installa- 
tions comply with the rule requiring a link in the 
neutral in place of a fuse, in main switches and 
distribution boards. In several cases where 
attempts had been made to “comply ”’—by 
replacing one fuse wire with a heavy copper wire 
—it was found that in 90 per cent of the cases 
the fuse carriers had been reversed. 

A good deal more could be done by importers 
to overcome this difficulty if they specified that 
the majority of their 250-volt ironclad switches 
and distribution boards must be single-pole with 
neutral links, instead of all double-pole as at 
present. 


WIRING SYSTEMS. 
Vulcanised Rubber Cables on Cleats. 


This is a popular system in bazaar shops and 
houses of the poorer classes, but its use is to be 





Fig. 6.—Motor, and snake which caused its breakdown. 





170 G.E.C. JOURNAL 


deprecated. The wire is exposed to mechanical 
damage and attack by rodents and red ants. At 
points where a number of circuits converge, birds 
and squirrels build nests, thereby considerably 
increasing the fire hazard. In damp situations, 
particularly where the air is salt-laden, or where 
sea-sand is present in the plaster, a fine deposit 
of salt is formed on the porcelain cleats, ren- 
dering them conductive and permitting the flow 
to earth of current from the damp cables. 


Vulcanised Rubber Cable in Teakwood Casing 
and Capping. 


This is almost as undesirable, being subject to 
fault in wet weather, owing to condensation of 
moisture on the wire when the air temperature 
falls, and in this case a considerable amount of 
water is held by the wood, causing rapid 
deterioration of the cable with ultimate earthing 
or short-circuiting, and fire. 


Tough Rubber Sheathed Cable on Teakwood 
Battens. 


This has proved reasonably satisfactory when 
not exposed to sunshine, especially when of the 
single-core type. However, the author has seen 
a large number of cases where the rubber has 
become “tacky” and similar to chewing gum 
in consistency, and other cases where it has lost 
its “‘ nature” entirely and forms only a dry, 
brittle sheath. 


Lead-covered Cable with Earth-Continuity Wire 
on Teakwood Battens. 


This has proved to be highly reliable, provided 
that the work is carried out by skilled wiremen 
and the greatest care taken in cutting away the 
lead at the ends, to avoid damage to the insula- 
tion. As a precaution against the creepage of 
moisture and red ants, all cable ends should be 
sealed with soft-setting compound, a stick of 
Chatterton’s compound being a handy means of 
application. 

Bends in lead-covered cables should be of 
generous dimensions, chiefly to avoid tensioning 
of the rubber insulation which otherwise will 
crack in the course of time, as practically all 
rubber in the tropics deteriorates and loses its 
‘‘ nature.” Twisting or kinking of the cable must 
be avoided during erection, and all clips should 
be painted as well as galvanised before fixing, to 
eliminate electrolytic action between clip andlead. 

Provided that skilled labour is available and 
that the simple precautions mentioned are taken, 
lead-covered wiring on teakwood battens is a 
very reliable job, and in the author’s opinion and 
experience will outlast any other inexpensive type. 
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Weather-proof Vulcanised Rubber on Teakwood 

Battens. 

This has proved most satisfactory and econo- 
mical, although up to the time of writing the 
period in which it could be tried out has been 
only about five years. The cable apparently 
withstands the effects of high temperature and 
high humidity, and its erection does not require 
the highly-skilled labour necessary with lead- 
covered cable. It appears likely to replace to a 
very large extent the use of tough rubber 
sheathed, vulcanised rubber and lead-covered 
cable, since it suffers from none of their defects 
and can be exposed directly to sun and rain. 


Plastic-covered Cable. 


Up to November, 1945, no cable with any of 
the recently developed plastic sheaths such as 
p.v.c had been imported into India, to the 
author’s knowledge, and therefore no oppor- 
tunity has been afforded for the prolonged testing 
of them under actual tropical conditions, and no 
judgment can be passed on their suitability for 
high-temperature work. From the few details 
available, however, it appears that the cable is not 
suitable for use in temperatures over about 
160-180 degs. F., and cannot therefore be con- 
sidered for outdoor work, either with or without 
steel conduit. 


Concealed Conduit with Vulcanised Rubber 

Wiring. 

This is likely to prove troublesome in hot 
humid climates, even when all normal precautions 
are taken. In such places, electrical equipment 
and wiring must either be perfectly airtight or 
very well ventilated, the latter being the only 
practical solution in concealed or open conduit 
wiring. In concealed conduit wiring it is neces- 
sary thoroughly to ventilate all runs, both vertical 
and horizontal, in addition to providing drainage 
slopes on all horizontal runs. U-bends must be 
strictly avoided, as they rapidly fill up with con- 
densate to the detriment of the wire. 

The author has found a considerable measure 
of success from the provision of breathers at 
intervals on horizontal runs, and one on vertical 
drops between junction boxes and switch or dis- 
tribution boxes. On horizontal runs the tube 
should be so fixed that the breather, consisting 
of a tee inserted in the conduit run, with its 
mouth projecting ~ in. beyond the finished 
plaster level, lies at the bottom of a slight down- 
ward slope, thereby ensuring the draining-off of 
any condensate deposited in the run (fig. 7). 

In order to ensure adequate ventilation in the 
vertical runs, the flush-fitting junction switch 
and fan-regulator box lids should be perforated 
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i: artistic designs with ¥-in. holes. Wherever 
ossible, bends of any kind in the conduit should 
2 avoided, as, even with the precautions stated 
; ove, a considerable amount of rusting takes 
‘lace within the conduit, and it is often found 
npossible to withdraw the old wiring or pull in 
>w, in which case new wiring has to be run on 
ie surface. 

All concealed conduit must have at least | 4 ins. 
ct plaster covering, as anything less than this 
permits the permeation of atmospheric moisture, 
often accompanied by sodium chloride, to the 
conduit surface. Rusting rapidly starts and its 
fungoid-like growth produces sufficient pressure 
to break away the adjacent plaster, or make an 
ever-widening crack in it. 
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Fig. 7.—Concealed conduit wiring showing method 
of ventilation. 


The use of galvanised-steel conduit is gener- 
ally prohibitive on account of expense, and for 
concealed wiring work enamelled conduit has 
the disadvantages of rusting, fairly high cost, and 
the need for skilled labour. When a short- 
circuit or earth ‘takes place within the tube, the 
wire frequently becomes welded to it, making 
withdrawal impossible. 

The author is of the opinion that steel conduit 
might be replaced to advantage in this type of 
work, with tubes drawn from one of the recently 
developed synthetic resins or Bakelised materials, 
as all that is required for concealed work is the 
provision of a smooth channel which will not 
rust or absorb moisture, mechanical strength 
being practically unnecessary. Where mechani- 
cal strength is necessary, the plastic tube could 
be inserted within a steel conduit for protection. 
In the past, conduit has been produced with a 
lining of fibrous material, but has not proved 
successful, as fibrous insulators are hygroscopic. 
Since the introduction of weather-proof vul- 
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canised rubber cable, the author has used it 
exclusively in place of ordinary vulcanised 
rubber cable, with most satisfactory results, and 
recommends its adoption in all conduit systems. 


CONCLUSIONS. 


The main conclusions to be drawn from the 
foregoing may be summarised as follows : 


DESIGN. 


In the mechanical and electrical design of all 
plant, machinery and appliances, a generous tol- 
erance must be allowed for unskilled labour, 
extreme temperature and humidity, in combina- 
tion as well as separately. 

All working parts must be easily accessible 
for maintenance, and mechanisms should be 
simplified to the greatest permissible degree. 


MATERIALS. 


Insulating materials should be rendered non- 
absorbent, and new temperature- and moisture- 
resisting materials, such as glass, plastics and 
high-melting-point waxes should be introduced 
as soon as practicable at economical rates. 

Closer investigation is required into the 
behaviour of insulating and impregnating 
materials at temperatures of between 40 degs. C. 
and 120 degs. C., and relative humidities up to 
95 per cent, as well as the ozonising effects of 
strong sunlight on them. Resistivity, electric 
strength, power factor, absorption, conductivity 
and life are all affected by increase in tempera- 
ture and humidity, and in many cases surface 
resistivity at high relative humidity is a much 
more important factor than volume resistivity. 


VENTILATION AND DRAINAGE. 


All machines and plant should be well ven- 
tilated, but precautions should be taken on the 
lighter type of article to exclude rodents, insects 
and ants. Where cnclosures, short of being 
flameproof, are necessary, provision should be 
made for condensate drainage and balance of air 
pressure due to temperature change. 


TESTS. 


All manufacturers’ tests for export goods 
should be carried out under conditions identical 
with those under which their goods will operate, 
if they really wish to find out what their products 
will stand under actual conditions, and the two 
factors, temperature and humidity, must be 
considered as inseparable. 

The author is of the opinion that the British 
Standard Specifications relating to tropical con- 
ditions and outdoor gear, for example B.S. 159, 
should be revised in the light of experience 
gained since they were drawn up. 
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INTRODUCTION. 
| HE use of mercury 
vapour lamps in film 
Studios is not new to 
those who can look back to 
the early development of the 
industry. The original film 
stock used was sensitive to 
the blue and near ultra-violet 
part of the spectrum, and 
before 1926, flame carbon 
arcs and low-pressure mer- 
cury vapour lamps of the 
Cooper-Hewitt type were the 
standard light sources on the 
set. These early lamps, how- 
ever, became obsolete when 
panchromatic film was de- 
veloped, and for many years 





The colour rendering properties 
of large compact source lamps of 
the mercury-cadmium type make 
them eminently suitable for light- 
ing motion picture studios. Tests 
in collaboration with Technicolor, 
Ltd., have been encouraging and 
the lamps are now im use in 
several British studios. 
fittings have been designed, new 
features being a high voltage 
short period pulse for starting,and 
arrangements for maintaining the 
lamp ready for instant use. 

Considerable development re- 
mains to be done, but present 
trends indicate a promising future 
for the lamp in the film industry. 


inevitably given off. One 
form of mercury vapour lamp, 
the “ compact source ” type, 
was recognised as suitable for 
the optical systems of pro- 
jectors and floodlights such as 
are used in film studios !°, 
and possessed none of these 
disadvantages, but it was 
made only in small sizes and 
the colour was not good. De- 
velopment of this lamp con- 
tinued during the war until in 
power and performance it 
was comparable with the H.I. 
carbon arc in applications, 
such as searchlights, where 
colour is of no real impor- 
tance. The only fundamental 


Special 








the incandescent tungsten 
lamp held first place, sup- 
ported by the carbon arc where unusually high 
illuminations were required. Later, the intro- 
duction of colour-film processes, such as Techni- 
color, calling for quantities of light far in excess 
of those needed for black and white photography, 
stimulated the development of the high intensity 
carbon arc lamp, which has colour rendering 
properties comparable with the daylight con- 
ditions for which the colour processes were 
adapted. 

The position in 1939, therefore, was that for 
colour film work, the H.I. carbon arc was used 
almost exclusively : the mercury vapour lamps 
available, though efficient sources of light, were 
unsuited in colour for the processes in use. 
The carbon arc, however, has some fundamental 
disadvantages : the carbons must be renewed, 
roughly every hour, and the lamp mechanism 
which feeds the carbons forward is complex 
and needs highly skilled maintenance. Without 
this skilled attention, the arc is liable to fluctuate 
in light output, which troubles the cameraman, 
and to emit noise at critical moments, which is 
intolerable to the sound recording engineer. 
Also a certain amount of fumes and smoke is 





objection to its use in the film 
studio was a matter of colour, 
and thus immediately after the war the stage was 
set for the study of this problem, and for the 
design of fittings and gear needed for its appli- 
cation in the film industry. 

The colour problem has now been largely 
solved, and compact source lamps, in fittings 
designed to take advantage of their merits and 
to overcome their special problems, are used in 
several studios. There is a great deal of work 
yet to be done, but experience up to the present 
time suggests a wide future for the lamp in the 
motion picture industry. 


THE ESSENTIALS OF STUDIO LIGHTING. 
STUDIO TECHNIQUE. 

To those accustomed to office or factory light- 
ing, the illumination of a studio set seems at 
first sight to be the work of a somewhat inconse- 
quential mind with very generous ideas of power 
(fig. 1). Fittings may be mounted on cradles 
around the top of the set, on the floor, behind 
screens and windows : they may point upwards or 
downwards : different types are mingled, and the 
light emerging from the fittings is controlled by a 
variety of strange looking screens and diffusers. 
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The fact is that the lighting of a set is the 
work of an individual, the lighting cameraman, 
who gains the subtle and complicated effects 
he envisages by apparently arbitrary changes of 
the direction and intensity of the illumination, 
using his artistic sense and experience rather 
than a photometer.* 

This method of handling equipment means 
that studio fittings must have definite properties. 
[They must be transportable and of reasonable 
size and weight; the light distribution from 
many of them must be variable ; it must be 
possible to tilt and rotate the housings with ease ; 
and the equipment must be robust. Above all, 
control must be simple and speedy, so that the 
changes in effect can be made without delay. 

The lamps for use in this equipment should 
have characteristics which follow directly from 
this technique of handling, in addition to pro- 
perties necessary for colour photography. 

1. The large light output needed means high 

power and efficiency, with a spectral dis- 
tribution suitable for colour photography. 
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7. The lamp life should be long enough to 
compare economically with existing light 
sources. 

8. The lamps must operate from low-voltage 
D.C. supplies (usually 115 volts), since 
this supply is normal in the studios in 
order to comply with the Home Office 
regulations for equipment not earthed. 

With the requisite fittings and control equip- 

ment, the compact source lamp can fulfil all 
these requirements. 


ILLUMINATION AND POWER REQUIRED. 


For colour photography, key intensities (the 
illumination on the principal artists or objects) 
of 500 to 1,000 lumens per sq. ft. are common ; 
the demand is for lighting units of ever greater 
output. At present, the key intensity is pro- 
vided largely by 150 amp. H.I. carbon arcs in 
spotlights, supplemented by 40 amp. twin flame 
arcs in floodlights for the lighting of backings 
and the softening of shadows. Comparable 
light outputs are given by 10 kW and 2) kW 
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Fig. |.—Lighting equipment on a composite interior film set. 


. Full light output must be instantly available. 

. The light must be steady and silent. 

. The light should be “ cool” ; that is, as 
little radiant heat as possible should be 
present. 

5. Maintenance and lamp replacement should 
be simple. 

6. It should be possible to tilt the lamphouse 

through a large angle from the vertical 

without harming the lamp. 
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mercury lamps respectively, but larger sizes 
would be welcomed in the studios and are under 
development. 


THE COMPACT SOURCE LAMP 

FOR STUDIO USE. 
LAMP DESIGN AND CHARACTERISTICS. 

Compact source lamps, in general, have been 
under development for some years, and including 
experimental types, they have been made in 
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sizes from 100 watts to 50 kW. A comprehen- 
sive account of their construction and behaviour 
has been given in this Journal* and elsewhere, ® ° 
and the methods of producing modifications 
in the colour rendering properties have been 
briefly discussed. It is intended here to deal 
only with types of lamp specifically adapted for 
use in motion picture studios. 

It will be seen from figs. 2 and 3 that the 
essential features of construction are an approxi- 
mately spherical bulb carrying two main elec- 
trodes spaced so that the arc length is small 
compared with the bulb diameter, and hermetic 
seals through which current is carried to the 
electrodes. The arc is thus similar in shape and 
size to the carbon arc, more so in fact than to 
the various forms of low pressure discharge 
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light is always the arc discharge itself and not 
the electrode surface, (4) the light is characteristic 
of the metal vapour, i.e. it is mainly concentrated 
in particular spectral lines and (5) the arc is 
steady, silent and does not produce fumes. 


CONDITIONS FOR HIGH EFFICIENCY AND 
BRIGHTNESS. 


The main factors controlling the light output 
of high-pressure mercury vapour lamps are 
well understood.“ * The efficiency increases 
with both arc loading (watts per cm. of arc 
length) and mercury vapour pressure. More- 
over, the diameter of the discharge column 
decreases as the pressure increases, so that to 
obtain a high luminous flux per unit area of the 
arc, i.e. a high brightness, it is clear that both 





Figs. 2 and 3 showing, on the left, a 25 kW and, on the right, a 10 kW mercury-cadmium compact source lamp. 


from which it has grown. The more significant 


features in which the high pressure metal vapour 
arc differs from the carbon arc are: (1) the 
discharge lamp requires an appreciable time to 
reach full operating conditions, (2) it requires 
no adjustments or skilled attention comparable 
with the trimming of carbons, (3) the source of 


arc loading and pressure should be high. In 
the compact source lamp the concentration of 
large energies into the small arc space is an 
application of these principles. 

The practical limitations to raising arc loading 
and vapour pressure are soon apparent. For 
example, in a lamp of given rating the loading 
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nay be increased by reducing the arc length, 
ut the increase in intrinsic arc efficiency will 
’e accompanied by increased electrode losses. 
Vith loadings of several thousand watts per cm. 
hese losses may show themselves, not only in 
he efficiency values, but also in deterioration of 
he lamps during life—mainly due to blackening 
of the bulb by evaporated tungsten from the 
overheated electrodes. The mechanical strength 





Fig. 4.—Experimental 5 kW single-ended lamp. 


of the lamp bulb itself provides a limit to the 
operating pressure, and the high temperature 
gradients in the bulb and the thermal shocks it 
must withstand all tend to reduce the safe 
operating pressure. It is fortunate, however, 
that the brightness required for the optical 
systems used in film studio equipment is not so 
high as to prejudice good life and efficiency. 

The spectral distribution of the light from 
compact source lamps, although to some extent 
backed by continuous radiation, consists mainly 
of lines characteristic of the metal vapour, and 
it is by the addition of cadmium or zinc or both 
to the mercury normally present that (as 
explained in the section headed “ Colour ”’) 
colour rendering suitable for photography can 
be obtained. Similar considerations of loading 
and pressure apply in the case of such metal 
vapour mixtures. 


LAMP CONSTRUCTION. 


To maintain the required vapour pressure of 
mercury and cadmium, a bulb temperature of 
800-1,000 degs. C. is necessary and the only 
suitable material is fused quartz. To avoid 
deterioration of the quartz by local overheating 
the temperature over the bulb should be as nearly 
uniform as possible. For example, to reduce 
the effect of convection, which tends to cause 
overheating of the top of the bulb by hot vapour, 
the arc space is usually arranged to be below the 





centre when the lamp is vertical. The tem- 
perature distribution is, of course, disturbed 
when the lamp is tilted so that such compen- 
sation is only approximate. 

The lamp seals and leads may be brought out 
on opposite sides of the envelope (“ double- 
ended ” design), as in figs. 2 and 3, or on one 
side only (“‘ single-ended ” design), as in fig. 4. 
The arrangement of the seals has no fundamental 
influence on lamp performance and the decision 
as to which type should be used depends upon 
a combination of fitting design and details of 
lamp manufacture for any given case. It should 
be noted, however, that anode and cathode leads 
in the single-ended type emerge close together 
and insulation difficulties arise when the highest 
voltages needed for hot re-starting of lamps are 
used. 

It might appear that lamps could be made 
with smaller overall dimensions than those 
shown, i.e. that the seal lengths could be reduced, 
but since the bulb surface temperature is 800- 
1,000 degs. C. the metal connections must be at 
an appreciable distance to keep the temperature 
low enough to prevent oxidation. Conditions 
in the fitting for the 2} kW lamp are such that 
the aluminium cone-shaped structure round the 
cathode (top) seal is also necessary to remove the 
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Fig. 5.—Experimental 25 kW lamp. 


risk of overheating by convection, and to reduce 
the absorption of light reflected on to the seal. 

There is not space here to discuss details 
of the molybdenum quartz foil seals which are 
essential in these lamps, and further information 
may be obtained from the earlier article in this 
Journal already referred to.* 

However, improvements in the disc type of 
quartz-molybdenum seal‘ have given rise to a 
very neat construction. In this design the 
hermetic joint is still formed between molyb- 
denum foil and quartz, but the area of foil is 
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very small since it does not, in fact, carry current 
at the same time as making a seal. The neatness 
of the result is shown in fig. 5 in which these seals 
are used in an experimental 25 kW lamp. 
The running current is about 300 amps., at which 
value the size and difficulty of construction of 
the orthodox seal present serious disadvantages. 
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Fig. 6.—Running-up characteristics of 24 kW lamp in 
studio floodlight. 


In designing caps for these large lamps 
there are two main features to be considered. 
First, the lamp must be so held that it will 
remain firm when the fitting is moved about 
the studio or hoisted on to rails, and yet it 
must be easily removable for replacement ; 
second, provision must be made for heavy cur- 
rent connections. In the double-ended lamps 
the two functions have been kept separate ; 
the caps are used for supporting the lamp and 
semi-flexible leads are used for the electrical 
connections. The caps are drilled so that they 
can be held between centres, one of which is 
spring loaded. This method gives firm support 
without risk of straining any part of the quartz 
assembly. It also provides a simple way of 
‘ pre-focusing’” the lamp: the distance from 
the centre of the arc to one cap is held within a 
small tolerance, so that the arc of a replacement 
lamp lies at the correct point in the optical 
system, and no adjustment is needed when 
lamps are changed. 


DESIGN OF 2} kW AND 10 kw LAMPS. 


Temperature considerations give rise to a 
bulb diameter of 60 mm. and overall length of 
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lamp 315 mm. for the 2} kW lamp. The 10 kW 
rating requires a bulb diameter of 110 mm. 
and an overall length of 450 mm. Both types 
are intended for mounting so as to tilt about a 
mean vertical position, the cathode being 
uppermost in the 23 kW type while the 10 kW 
type has the anode uppermost. 

It can be seen from figs. 2 and 3 that in both 
types of lamp the anode is appreciably larger 
than the cathode. This is because the current 
in the arc is carried mainly by electrons which 
impart energy as they arrive in a concentrated 
stream at the positive electrode. The anodes 
are therefore made of highly refractory material 
—tungsten—of sufficient size to prevent blacken- 
ing of the lamp by evaporated metal. In the 
10 kW lamp the tungsten anode “block”’ is 
18 mm. diameter and 20 mm. long ; in the 2} kW 
lamp a 6 mm. diameter rod is used. 

The cathode has to be capable of providing 
a copious supply of electrons and to ensure this 
when the lamp is first started, the electrode 
usually carries a small quantity of alkaline 
earth material held under a spiral. During the 
running up period the arc terminates on this 
spiral but as the pressure rises the arc moves to 
the tip of the cathode. 

The voltage gradient in the arc (volts per cm.) 
depends mainly on the mercury vapour pressure, 
which in these lamps is between 5 and 10 atmo- 
spheres and corresponds to a gradient of some 
40 to 50 volts per cm. In the 2} kW lamp the 
arc length is 15 mm. and the total voltage 
70-80 volts. The 10 kW lamp has the same 
operating voltage with a 20 mm. arc, so that its 
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Fig. 7.—Variation of lamp watts and red ratio with 
supply voltage. 
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yressure is Slightly lower. These voltages 
ire convenient for operation on studio supplies 
100-120 volts) with a series ballast. 

The arc loading in the 2} kW lamp—1,700 
vatts per cm.—is low enough to allow the lamp 
.o be operated at any angle within 90° of the 
ertical without undue deterioration of the bulb 
due to the heat of the convection stream of hot 
vapour from the arc. At an appreciably greater 
arc loading it would be necessary to use a 
nagnetic deflector to keep down the arc flare 
when the lamps are tilted. 


OPERATING CHARACTERISTICS. 


The behaviour, in operation, of compact source 
lamps for film studios is similar to that of high 
pressure mercury vapour lamps in general. 
One type of electrical control gear is described 
in the section dealing with that subject. When the 
lamp is first started the discharge takes place in a 
mixture of low pressure mercury vapour and 
argon and/or neon gas at a few millimetres 
pressure. Under these conditions the impedance 
of the lamp is very low, the voitage drop across 
it being about 10 volts. As the mercury vapour 
pressure rises the voltage increases until a 
steady value is reached when most of the mercury 
is vaporised. The time taken to reach this 
condition depends on the rate at which heat can 
be put into the lamp, or in effect, upon the 
wattage during the running up period. Since 
there is no convenient way of producing a higher 
voltage drop during the initial stages of run-up, 
the wattage is limited by the greatest current 
which can be tolerated. In most cases this will 
depend on the current carrying capacity of the 
lamp seals and may involve economic considera- 
tions of seal cost against duration of run-up 
period. The disc seal with its ample current 
rating has a big advantage from this point of view. 
A second factor depends on the ability of the 
lamp proper to stand the thermal shock of 
introducing large powers in a short time. In 
particular, the quartz bulbs in the larger lamps 
may possibly be thermally strained if the run-up 
is too rapid. 

In the 2} kW lamp a starting current of 
60 amps., nearly twice the normal running 
current, is permissible and results in a run-up 
period of about 24 minutes. In the 10 kW lamp 
the current is 150 amps. and it is limited to this 
value by the seals. 

Fig. 6 shows the running-up characteristics 
for a 2} kW lamp in a “ Compact” Floodlight. 
When the lamp voltage reaches 50 volts the 
normal run-up is interrupted by the operation 
of a relay (see the section “ Electrical Control 
Gear”) which reduces the wattage to 1 kW for 
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standby purposes. The second part of the 
curves shows that, when the full wattage is 
applied, the running-up is much more rapid than 
in the initial stages. 

The proper colour balance in the lamp 
depends on vaporising both mercury and cad- 
mium, and since cadmium vapour pressure is 
lower than that of mercury it only contributes 
appreciably to the light output when the lamp 
is near full wattage. 

The value of the series ballast resistance is 
chosen so that a lamp attains its rated wattage 
with the supply voltage at its nominal value. 
Changes in the supply voltage will affect the 
lamp wattage and fig. 7 gives the result of such 
variations on a 2} kW lamp. The light out- 
put is nearly proportional to the wattage over 
the range shown in this diagram, so that a change 
of 1 per cent in mains volts gives rise to a 
2 per cent change in lumens. Such changes 
are comparable with those for a carbon arc, 
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Fig. 8.—Breakdown voltage after extinguishing a hot 
lamp. 


and with ballasts provided with 5 volt tap- 
pings it is unlikely that the random changes to be 
expected in studio supply voltages will cause 
any trouble. 

Because the D.C. starting voltage of the lamps 
when cold is appreciably greater than the usual 
supply voltage, some means of starting must be 
incorporated in the equipment. The method 
generally employed is the interruption of a direct 
current in an inductance, producing a high 
voltage pulse which causes the initial breakdown. 
The peak value of the pulse required for reliable 
Starting is approximately 5 kV, which is con- 
siderably greater than the D.C. starting voltage. 

The breakdown or starting voltage of the 
discharge is a function of both the electrode 
temperature and the gas pressure. If, therefore, 
the breakdown voltage is measured at various 
times after extinguishing a hot lamp a curve 
similar to that shown in fig. 8 will be obtained. 
It will rise initially, probably due to rapid 
cooling of the electrodes, but will later begin 
to fall as the mercury pressure drops. The 
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maximum pulse voltage required to start a lamp 
at any time up to 3 - 4 minutes after extinction 
is between 30 kV and 40 kV. 


COLOUR. 


It is well known that the light from low or 
medium pressure mercury vapour lamps is 
lacking in red and blue: such lamps are useless 
for colour photography despite their efficiency. 
The theoretical basis of the radiation properties 
of discharge lamps is complex,’ but the three 
main factors which can improve the colour 
operate the more effectively as the vapour pres- 
sure and arc loading (watts per cm.) increase. 
These factors are : 

1. Relative strength of the spectral lines. 

2. Continuous (background) radiation. 

3. Effect of adding such elements as cadmium 

and zinc. 

The compact source lamp has relatively high 
pressure and loading, and the first two factors 
bring about a change in the characteristic blue- 
green colour of the low pressure mercury vapour 
discharge. The change, however, is not sufficient 
to provide the red and blue radiation needed for 
colour photography, and the colour rendering 1s 
further improved by the addition of cadmium or 
zinc or both ; the addition of these elements is 
effective only at high loadings. Although the 
amount of red light is not the sole criterion 
of good colour in the compact source lamp, 
its absence has so far been the most serious 
drawback, and at present the colour rendering 
properties of the lamps are usually judged in the 
studios by the “ red ratio” measured as the per- 
centage transmitted by a Wratten No. 25 filter of 
the total amount of light. The lamps used for 
studio work have a red ratio of 9 to 12 per cent ; 
on the same scale the ratio for daylight is about 15 
per cent. If necessary, the colour rendering 
properties can be more precisely defined in 
terms of the C.I.E. trichromatic co-ordinates 
coupled with the relative luminosity in eight 
internationally agreed spectral bands. The fact 
that the red ratio of a lamp is close to that of 
daylight does not necessarily mean that the two 
sources will either appear to have the same 
colour or will give the same appearance to col- 
oured objects. Indeed, lamps with the same 
red ratio but with different spectral distributions 
can give an appreciably different visual effect. 

This variation may be troublesome to the light- 
ing cameraman, who naturally is averse to 
unfamiliar visual effects, but fortunately an 
exact visual match between two light sources 
is not essential photographically, since the 
response of the colour film 1s not identical with 
that of the human eye. Fig 9 shows that the 
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emulsions of three-colour subtractive processes 
respond over fairly wide bands of colour, and 
also that coloured objects reflect light over a 
large part of the spectrum. The spectral lines 
from the mercury-cadmium lamp are more or 
less evenly spaced throughout the spectrum, 
and the combined result is that a satisfactory 
excitation of the three films is possible. It is 
interesting that with the process whose response 
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Fig. 9.—Spectral characteristics. 
(a) Relative response of colour film. 
(b) Reflectance values for (1) English vermilion, 
(2) yellow ochre, (3) emerald green, (4) 
cobalt blue. 
(c) Positions of principal lines in mercury, cadmium 
and zinc spectra. 


curves are shown, a predominant green line in 
the cadmium spectrum (5,080 A), which to the 
eye can give a greenish cast to the light from 
lamps with a comparatively low arc loading, lies 
on the tails of both the green and the blue 
response curves. The photographic effect of 
this line is therefore greatly reduced as compared 
with its visual effect. 

Critical tests for colour rendering have been 
established by the cinema industry, the best 
known being the H. & D. (Hunter & Driffield) 
test, which consists essentially of photographing 
a white screen through a stepped neutral density 
wedge. The technique used produces, side by 
side on the film, images of the screen illuminated 
by the test source and by a standard source such 
as the H.I. carbon arc. As it is easy to detect 
small differences in the colour of a “ white” 
screen, variations in colour rendering are readily 
discernible. 

With this test, a difference between the 24 kW 
mercury-cadmium compact source lamp and an 
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H.I. carbon arc can be detected, but practical 
ests on normal studio sets have shown that the 
ight from the two sources can be mixed without 
ll effects. The most likely fault, the formation 
f colour shadows, where the compact source 
amp is used as a “ fill-up ” light in shadowed 
areas, does not occur. Where colour rendering 
is very critical, or to produce a more pleasant 
visual appearance, colour-filters may be used : 
a completely satisfactory photographic match for 
existing Technicolor processes is then possible. 
With higher power lamps, such as the 10 kW 
lamp, both visual and photographic performance 
is excellent without colour filters. 


OPERATIONAL REQUIREMENTS. 

From the manner of handling studio equip- 
ment, it follows that light must be immediately 
available at the demand of the lighting camera- 
man. ‘The compact source lamp, like other high- 
pressure mercury vapour lamps, takes some 
minutes to reach full brightness from cold, and is 
difficult to restart when hot. The “ running- 
up ”’ time can be reduced by enclosing the lamp 
within shutters when it is first switched on, but 
as the power that can be supplied to the lamp is 
limited by the current carrying capacity of the 
seals, this time is at present not less than 
about two minutes. During standby periods, 
therefore, the lamp is “simmered” in an 
enclosure at a reduced wattage, just sufh- 
cient to maintain the temperature and pressure 
at values sufficient to give full light output 
when normal power is restored and the shutters 
opened. 
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As mentioned in the section on operating 
characteristics, special circuits are needed to 
start the lamp. For cold starting, a relatively 
simple circuit producing an inductive pulse 
with a peak value of 5 kV is required, but larger 
and more complicated circuits are necessary if 
the lamp is to be started when hot. 

Several methods are known for starting a hot 
lamp ; some involve high-voltage pulses of 
30 kV to 40 kV peak, others involve lower peak 
voltages but demand modifications to the lamp 
itself. As any such modification increases the 
cost and complication of an already relatively 
expensive and short-lived item, the first method 
is better in most instances. In types of equip- 
ment, therefore, where no delay after a momen- 
tary supply failure is permissible, a circuit 
producing a pulse having a peak value of 30 kV 
to 40 kV must be fitted. 

The need for a starting pulse introduces a 
further complication : regulations do not call for 
earthing on equipment operating on 110/120 volt 
D.C. supplies, but the pulse, though by no means 
lethal, can be startling, and might cause an 
accident if it appeared on the housing of a fitting 
being adjusted high above the floor. The usual 
earthing methods are generally inconvenient in 
the studio, but fortunately the pulse is always 
oscillatory and contains only radio frequencies 
so that capacitors of a reasonable size (approxi- 
mately 10 mfd) offer little impedance to it. 
The housing can therefore be made completely 
safe by connecting it through such capacitors 
to one or both sides of the supply mains, so that 
any pulse voltage appearing on the housing 





| Incandescent Filament 


H.Il. Carbon Arc 


Compact Source M.V. Arc 





| Use Not generally suitable for 
| colour photography, due to 
high power needed and short 
, life when overrun to give 
correct colour temperature. 


Suitable for black and white 
or colour photography. 


Suitable for black and white 
or colour photography. 











| Efficiency Black and white 9LW 8 L W (single negative) 7LW 

| (approx.) 

| a Colour (with filter) 55LW  13L W (double negative) 

| Maintenance Mechanically and electrically Mechanically relatively com- Mechanically simple. Electri- 

| simple. Lamp changed ap- plex. Electrically simple. cally relatively complex. Lamp 
| prox. 100 hours.* Carbons changed approx. changed approx. 250 hours. 
| 45 minutes. 

| Operation Needs no attention while run- May need attention while run- Needs no attention while run- 


ning. 


ning. 


ning. 





Excessive heating of objects at 
highillumination. Silent. 


| Extraneous 
effects 


Cool radiation, may give noise 
trouble. 


Cool radiation. Silent. 


Fumes. 





NOTE. 


(a) Measured as the light flux in the beam (full spread) from a typical spotlight per watt of power drawn from the 
electrical supply : electrical ballast losses and optical losses in the spotlight are thus both included. 


* British Standard No. 1,075, 1943. 
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will be conducted safely to earth via the capaci- 
tors and the stray capacities of the supply system, 
which are usually adequate for this purpose. 
If, however, these stray capacities are unusually 
low, they can be supplemented by a small capaci- 
tor connected between each main supply lead 
and earth at the bus bars. 


COMPARISON OF COMPACT SOURCE LAMPS WITH 

OTHER LIGHT SOURCES. 

From the foregoing, it is apparent that the 
chief advantage of the compact source lamp over 
the H.I. carbon arc is its constancy, taking that 
term to include freedom from the need to change 
carbons, easy maintenance and steady operation. 
Its overall efficiency, measured as the actual 
light flux emitted by a fitting for a given power 
drawn from the mains, is about the same as that 
of the normal carbon arc, but is somewhat less 
than that of the double negative arc,® two of 
which can be run in series from 115 volt supplies, 
with a consequent reduction in ballast resistance 
losses. The photographic effect (i.e. the ex- 
posure for the same incident light flux on the 
subject) is much the same for both the mercury 
and the carbon arc. 

The heating effect of the radiation upon the 
skin is a matter of considerable importance 
where high illuminations are common. The 
tungsten lamp is an offender here, as its spectrum 
contains a large proportion of radiant heat ; 
this is one reason why it is unsuitable for colour 
photography. With the compact source lamp, 
the temperature rise of the human skin is only 
about one-fifth of that found with the same 
illumination from an incandescent filament lamp. 
There are two reasons for this result: the mercury 
lamp being more efficient radiates a smaller 
proportion of its energy as heat, and the wave- 
length of this radiated heat is longer than that 
from a filament lamp and is more readily 
absorbed by the glassware of the optical system. 

For convenience in comparison, the table on 
page 179 gives some of the relative merits of in- 
candescent filament, H.I. carbon arc, and compact 
source lamps. 

The fact emerges from this table that on a 
basis of simple luminous efficiency, the tungsten 
lamp compares reasonably with the arc lamps, 
and it is such matters as radiant heating, light 
output per fitting and cost which turn the balance 
in favour of the H.I. carbon and mercury arcs. 


GENERAL CONSIDERATIONS OF FITTING 
DESIGN. 
OPTICAL DESIGN. 
Apart from a few specialised designs used in 
small numbers, lighting equipment for film 
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studios can be divided into two groups: 

1. Floodlights, giving a uniform illumina- 
tion over a large area, the light distribution 
being incapable of variation. Such fittings 
include “ broads ”’, “ floods’, “* scoops ”’ 
and so on. 

2. Spotlights, giving a more concentrated 
beam of light, and adjustable to provide a 
narrow beam of high power or a wider 
beam of lower power. Present practice 
is to use a prismatic condenser lens in 
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Fig. 10.—Optical system of lens spotlight. 


front of the lamp, variation in the light 
distribution being given by movement of 
the lamp axially in the housing. 

The compact source lamp does not raise any 
new problems in optical design, though minor 
modifications in lens and reflector form may be 
needed for the best performance. Equipment 
generally similar to that already in use for 
incandescent tungsten and carbon arc lamps will 
provide light distributions corresponding to 
those now familiar to the studio personnel. 

Floodlights for studio use are usually simple 
reflectors of matt aluminium or vitreous enamel, 
or may have semi-specular reflectors designed to 
give a more controlled distribution than is 
possible with a matt reflector. The exact 
contour of the reflector is of comparatively small 
importance and is usually governed by con- 
siderations of mechanical convenience. 

Fig. 10 shows diagrammatically the optical 
system of a lens spotlight: since the compact 
source lamp emits light over 360°, a spherical 
backing mirror is placed behind the lamp, and 
moves with it over its focusing travel. The gain 
in intensity with a good mirror and a clean lamp 
may be up to 40 per cent, since the arc has a 
transmissivity to its own radiation of about 60 
per cent. The focusing of the mirror is critical, 
as small errors in alignment will result in much 
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of the reflected light being intercepted by the 
2lectrodes. 


VIECHANICAL DESIGN. 


The main requirements of all studio floodlights 
ire that they should be strong, easy to handle, 
and cool in operation. These general factors, 
which have been the subject of much study, are 
complicated when the compact source lamp is 
used by characteristics which have no counter- 
part in the traditional studio light sources. 

An enclosing oven for “ simmering ”’ the lamp 
has to be provided without reducing the amount 
of light redirected by the optical system, and in 
spotlights, this oven must travel with the lamp 
over the focusing range. The high-voltage 
starting pulse must be conveyed to the lamp in 
the oven, and insulation for up to 40 kV is 
necessarily subjected to temperatures around 
200 degs. C. Reflectors, lenses and lamp- 
holders also undergo severe heating. 

The lamp itself can be damaged by incorrect 
operation, and means should be provided : 

1. To prevent operation on reverse polarity, 

which can easily occur with the normal 
system of studio supply. 
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proximity of lamp to lens or front glass : domed 
lenses may be helpful in this connection, as, 
for the same pick-up of light, they increase the 
distance from the lamp to the glass. 

The lamp further affects design in that it 
emits a large amount of short wave ultra-violet 
radiation ; this causes very rapid rusting of 
mild steel and failure of rubber insulation. More- 
over, light must not escape in appreciable quan- 
tities without first passing through glass, in 
which all radiation dangerous to the human body 
is absorbed. 

Finally, since the vapour pressure of the lamp 
is above atmospheric, the possibility of bursting 
must be recognised ; although the likelihood of 
such a burst is small, the fitting and glassware 
must be capable of withstanding it and of 
retaining the broken quartz. 


ELECTRICAL CONTROL GEAR. 


The function of the electrical control gear 
is : 

1. To limit the current in the lamp to 
the designed values, by means of ballast 
resistances. 

2. To provide a high voltage pulse for 
starting the discharge. 

In addition, various interlocks are 
provided to prevent incorrect opera- 
tion. 

The lamp must be run in series 
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Fig. |11.—Elements of starting and control circuit 


for 25 kW lamp in studio fitting. 


2. To limit the current to a safe value during 

the running up period. 

3. To hold the shutters closed until the lamp 

is rcady for use. 

Aithough the heating effect of radiation on 
objects from the lamp is low (see the section 
above entitled “‘ Comparison of Compact Source 
Lamps with other Light Sources ”’), its nature 
is such that the radiation is far more readily 
absorbed by glass than that from incandescent 
filament or carbon arc lamps. The high glass 
temperatures resulting limit the permissible 


with some form of impedance ; on 
D.C. supplies this is a pure resistance. 
To prevent an excessive current 
in the lamp at starting, the value 
of this resistance must be varied 
during the running-up period, since 
(as explained in the section “‘ Operat- 
ing Characteristics ”) the lamp impe- 
dance is much lower immediately after 
starting, when the vapour pressure is 
low, than when it is in its normal run- 
ning condition. In most circuits, 
the value of the ballast resistance 1s 
automatically reduced when the arc 
voltage reaches 50 volts. Further, 
in studio fittings, the ballast resistance must 
include a section which is brought into operation 
when the lamp is simmering in the standby state. 

The control circuit for a studio fitting using a 

2} kW lamp is shown in simplified form in fig. 
11. The functions of this circuit are briefly 
as follows : 

(a) A 5 kV pulse of very short duration is 
applied to the lamp to start the discharge. 
This takes place behind closed simmering 
shutters. 

(b) The lamp runs at a high current, 50 to 














60 amps., behind the closed shutters 
until it approaches its operating tempera- 
ture and pressure. 

c) At this point, the lamp current automati- 
cally drops to the low standby value, 
approximately 20 amps. A green panel 
light indicates that the lamp is ready for 
use, and an electromagnetic lock on the 
shutters is released allowing them to be 
opened. 








Fig. 12.—The 25 kW ‘‘ Compact’ floodlight ; front 
glass removed. 


d) When the light is required the shutters 
are opened, this action automatically 
raising the lamp current to its rated 
value, approximately 35 amps. 

e) If the unit is connected to the mains with 
reverse polarity, an attempt to start the 
lamp will cause a red indicator light to 
glow brightly. This precaution is neces- 
sary because lamp lives are rapidly shor- 
tened by reversed polarity burning. 

To refer now to fig. 11, the circuit operation 
will be described in some detail. 

A mechanical interlock prevents the closing of 
the mains switch S,, if the shutters are open. 
Immediately S, is closed, the contactor C, 
closes, so short-circuiting R,. To strike the 
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lamp, the starting switch S, is momentarily 
closed. If the mains polarity is reversed, a 
current will flow through the rectifier D and the 
red lamp L, which will glow brightly. The 
electromagnetically operated vacuum switch S, 
will not close, as the operating solenoid is short- 
circuited by the rectifier. When the mains 
polarity is correct, the rectifier will not conduct 
and closing S, will cause the vacuum switch 
S, to close, the current through the red indicator 





Fig. 13.—The floodlight ; back panel 
removed. 


lamp L, being insufficient to cause incandes- 
cence. On releasing S, the vacuum switch 
contacts will open, causing a very rapid decay 
of current through the inductance P and a 
consequent high-voltage pulse across it. This 
will be conveyed through the capacitor K to the 
lamp, which will start. 

The passage of current through the lamp 
operates relay Q,, whose principle function is 
to close contactor C,, so short-circuiting the 
inductance P which cannot carry the lamp current 
for more than a few seconds. The lamp will 
now run in series with resistances R, and R, 
only, and will, over a period of a few minutes, 
heat up to its operating temperature and pres- 
sure. During this period, the voltage across it 
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rises until it is sufficient to operate the relay 
O,, which in turn causes the contactor C, 
to drop out. It also causes a green indicator 
amp and an electromagnetic lock to operate 
as described in function (c) above. The lamp 
will now run in series with R,, R, and R, and 
will simmer at its “‘ standby ” rating. 

When the light is required, the shutters are 
opened, and the switch S,, which is mechani- 
cally interlocked with the shutter lever, closes 
ind short-circuits R, and R;. The lamp now 
runs at its full rated current in series with R, 
only. 

The sequence from first striking the lamp to 
its reaching full power is shown in fig. 6. The 
“ arbitrary ” period refers to standby simmering 
conditions and may be of any duration. 

The circuit shown in fig. 11 is suitable only 
for starting a lamp when cold : for hot restarting, 
a pulse of 30-40 kV is produced by rapidly 
breaking a saturating direct current in the 
primary of a specially designed, oil-immersed 
transformer. The pulse appears at the secon- 
dary terminals, but as its shape and duration are 
critical, it must first pass through a series spark 
gap and a resonating circuit before it can be 
applied to the lamp terminals. Its passage into 
the supply mains is prevented by an H.F. 
inductance which is short-circuited when the 
lamp starts in the same way as the inductance 
P in fig. 11.'° 

The insulation problem in compact source 
fittings is unusually severe, since high voltage, 
high temperatures and intense U.V. radiation 
are all present. When the wiring is in a 
comparatively cool part of the housing, poly- 
vinylchloride insulation, which withstands U.V., 
may be used, but in the hotter portions, bare 
conductors, suitably mounted, or fish-spine 
beads furnish a _ solution. Silicone rubber 
sleeving may be helpful here. For high voltage 
insulators subjett to considerable heat, such as 
are needed to support the links or cables con- 
veying lamp current and high voltage pulse to 
the movable lamp in a spotlight, a variety of 
refractory materials is available, but hygroscopic 
effects may be troublesome. 


FITTINGS FOR STUDIO LIGHTING WITH 
COMPACT SOURCE LAMPS. 


THE 24 kw ** COMPACT ’’ FLOODLIGHT. 

The 25 kW “ Compact” floodlight (seen in 
fig. 12) is now available in appreciable numbers. 
It has been designed as a general purpose flood 
in performance comparable with the 40 amp. 
white flame carbon arc which has been almost 
standard in the studios for colour work. The 
fitting is complete in itself, with its ballast 
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resistances mounted behind the reflectors, and 
with the starting and control gear in a separate 
compartment at the bottom. This control 
gear is all mounted on a chassis so that it can 
be withdrawn from the fitting—the connections 
being made by plugs and sockets—if any main- 
tenance has to be done ; a spare set of gear can 
be inserted and the lamp brought into use without 
delay. 

The form of the floodlight is influenced by 
the need to provide a “ simmering ” enclosure, 
in this design furnished by the side reflectors 
themselves, which are hinged about a vertical 
axis and can swing forwards to enclose the 
lamp in a chamber of which the rear reflector 
forms the third side. Movement of the reflector- 
shutters is effected by a lever at the left-hand 
side of the body, while an interlocked switch 
simultaneously reduces the lamp dissipation to 
about 1 kW. The lever and link mechanism, 
lying below the ballast (of which the section 
wound on porcelain tubes is the simmering 
resistance) can be seen in fig. 13, which shows a 





Fig. 14.—Starting and control equipment for 24 kW 
floodlight. 


rear view of an early type of floodlight with the 
back panel removed and the control gear with- 
drawn. This photograph also reveals the spring 
loaded lower lampholder and the sockets through 
which connection to the control gear is made. 

The control compartment shown in fig. 14 
contains all the electrical equipment with the 
exception of the ballast resistances. As des- 
cribed above in the section “* Electrical Control 
Gear”, the lamp is controlled automatically 
during the running-up period and settles down 
after two or three minutes in the simmering 
condition. 

To bring the floodlight into use, the main 
switch is turned on, and the starting switch 
momentarily depressed. 

If the shutters are closed, and the polarity 
correct, the lamp will start: if the polarity is 
reversed, a red warning lamp on the left of the 








Fig. 15.—The 25 kW floodlight after artificially induced 
lamp-burst. 


control panel will glow brightly. Once started, 
the lamp will run up automatically into the 
simmering condition, the lighting of a green 
indicator showing when the floodlight is ready 
for use ; it is not possible to open the shutters 
during the run-up period. When full illumina- 
tion is required, the shutter lever is moved 
forward, opening the shutters and cutting out 
the simmering resistance. Once the lamp has 
run up, the shutter lever must be regarded as the 
on-off switch, as switching off the main supply 
results in a delay of some minutes while the 
lamp cools enough to be restarted. 

Under full-load conditions, the total dissi- 
pation in the fitting is 3} to 4 kW, including 
lamp and ballast resistance. The amount of 
cooling air passing over the lamp is controlled 
by the size of the holes through which the lamp 
caps pass, and by the apertures between the side 
reflectors and the top and bottom reflectors. 
When the shutters are closed, the air flow is 
automatically reduced to prevent over-cooling 
the lamp when simmering at reduced power. 
The heat generated in the ballast resistance 
is removed by convection, the air passing 
through louvres at the top and bottom of the 
floodlight. 

The front of the fitting is closed by a glass 
panel (removed in fig. 12) consisting of a sheet 
of clear ““Armourplate” glass, supplemented if 
required by a fluted diffusing glass. Tests 
have shown that this glassware is capable of 
standing the shock of a lamp burst. Fig. 15 
indicates the effects that can occur. In this 
experimental fitting a burst was artificially 
induced, but no damage was suffered by the 
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glassware, and with a little cleaning the reflectors 
were restored to a satisfactory condition. 

The light distribution of the “‘ Compact ” 
floodlight is given in fig. 16. Two curves are 
shown, the first for the reflector with a clear 
front glass and the second with a fluted glass 
added. The fluted glass does not spread the 
light appreciably, but it does remove any trace 
of patchiness caused by flats or other inaccuracies 
in the reflector contour. Also, some cameramen 
prefer a diffusing front glass, claiming that it 


ILLUMINATION-LUMENS PER SQ.FT 





DISTANCE FROM AXIS OF BEAM-FEET 


Fig. 16.—Distribution of illumination from a 24 kW 
floodlight. 


reduces the hardness of shadows. The diffusing 
glass is therefore available, but for many pur- 
poses it is unnecessary and merely reduces the 
light output by an appreciable amount. 

The floodlight illustrated in fig. 12 is arranged 
for manual control, but there is little difficulty in 
incorporating methods for remote control. Two 
pilot wires are required besides the main cable ; 
one of these operates the starting switch and the 
other energises a solenoid for opening or closing 
the shutters. If desired, a number of fittings 
may be connected together for group control. 


24 kw ‘** COMPACT ’’ SPOTLIGHT. 

Although the power of the 2} kW lamp makes 
it most suitable for floodlights, a spotlight of 
this rating has uses in close-ups, or for emphasis- 
ing certain parts of the set, where a larger spot- 
light would be overpowering or too bulky. 
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Che optical system of a 2 kW incandescent fila- 
nent lamp unit is suitable for the compact 
ource lamp, and fig. 17 illustrates an adap- 
ition of an incandescent spotlight for a 2} kW 
nercury-cadmium lamp. Shutters operated 
rom the back furnish a means of cutting off 
he light and of maintaining the lamp tempera- 
ure when simmering. Starting and control 
sear, identical with that in the “ Compact” 
‘oodlight, is contained in a compartment which 
can be withdrawn for inspection or maintenance, 
and ballast resistances are mounted on the back 
of the housing. 

The performance of an experimental 2} kW 
spotlight is shown in fig. 18. 


EXPERIMENTAL 10 kw ‘‘ COMPACT ’’ SPOTLIGHT. 


The problems of mechanical design for the 
i0 KW lamp are more complex than those 
arising with the 2} kW lamp ; first, it is necessary 
to enclose the bulb more intimately, if the standby 
power consumption is to be kept low; and 
second, the experimental units so far made are 
equipped for hot restarting with the accompany- 
ing complications of producing and insulating 
a pulse of some 40 kV. The double-ended 
lamp lends itself to an optical system including 
a backing mirror to increase the light directed 
upon the prismatic lens, but the presence of 
this mirror means that the space available for 
the shutter mechanism is reduced, for the shutters 
must obscure neither lens nor mirror. The 
experimental spotlight, shown in fig. 19, is 





Fig. 17.—24 kW ‘“* Compact ”’ spotlight. 
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built around a 20 inch diameter lens which is 
optically well suited to the lamp ; indeed, due 
to the fact that the limits of the mercury arc 
are far less sharply defined than the edge of the 
crater of a carbon arc lamp, the behaviour of the 
lens is less critical with the compact source 
lamp. On the other hand, the glass reaches a 
much higher temperature with a compact source 
lamp, and precautions such as extra ventilation 
or the use of a domed lens may be needed. 
It is not satisfactory to enclose the whole 
lamp within shutters as this might cause over- 
heating of the seals and would require an 
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Fig. 18.—Light distribution from a 24 kW 
spotlight. 


unnecessarily high simmering wattage. The 
shutters are therefore arranged to leave the 
lamp caps exposed ; to avoid obstruction the 
shutters are made in two pairs, counter-rotating 
about vertical axes to form a snug enclosure 
around the bulb, with a simmering wattage of 
less than 14 kW. The small size of this en- 
closure, combined with the active radiation of 
the lamp, subjects the shutters to very severe 
conditions, with temperatures of the order of 
400 degs. C. Mild steel cannot be used, as 
the metal is corroded away in a matter of hours, 
but stainless steel is satisfactory. The shutters 
are operated by a train of gearing from a splined 
shaft upon which the lamp carriage can travel, 
the shaft being rotated from the back of the 
housing to open the lamp enclosure. 

The current for a 10 kW lamp is about 150 
amps. which must be conveyed to the moving 
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lamp carriage. This is not difficult with the 
cathode lead, which may be of flexible cable 
covered with fish-spine beads, but the anode 
lead must also convey the starting pulse and 
requires insulation equivalent to about 1 inch 
of air, which is impracticable with a loose 
flexible lead. The solution adopted is 
the use of a hinged link carried on re- 
fractory insulators, one end of the link 
ending in a stud to which the lamp lead 
is connected, and the other passing 
through the back of the housing into 
the external chamber containing the 
pulse generator. 
The experimental spotlight is fitted 
with interlocks to prevent damage to 
the lamp, of the same nature as those 
already described for the 2} kW lamp. 
In addition, a mechanical interlock can 
be arranged to prevent the door from 
being opened while the main switch is 
on. The purpose is twofold; to 
prevent inadvertent contact with the 
H.T. pulse and to ensure that the lamp 
attendant cannot expose himself to 
the erythemal U.V. radiation. Special 
care is needed over the second point, 
since studio personnel are in the habit 
of exposing their hands or faces for 
short periods to the H.I. carbon arc ; a similar 
exposure to the 10 kW compact source lamp 
would be dangerous to sensitive skins. 


FILM-MAKING WITH THE COMPACT 
SOURCE LAMP. 


The G.E.C. has been fortunate in obtaining 
the ready co-operation of the cinema industry, 
and many of the theoretical considerations and 
design problems discussed above have been 
worked out in conjunction with Technicolor 
Ltd., and with studio personnel. Early test 
films made at the Research Laboratories with 
compact source lamps in experimental housings 
showed that the colour rendering was good 
enough to allow mixture of the mercury- 
cadmium lamp with the H.I. carbon arc without 
the formation of colour shadows ; this was an 
important result, since it was out of the question 
to supply enough equipment to replace carbon 
arc equipment completely on any but the smallest 
sets. The unit most urgently required by the 
studios was a floodlight for lighting backcloths 
and softening shadows, and the first fitting 
developed was therefore the “‘ Compact ”’ flood- 
light described above. Fifty of these floodlights 
were used in a large-scale test at the Shepperton 
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studio of the British Lion Studio Co., Ltd. 
It was possible to make a thorough investiga- 
tion of their performance for a variety of purposes 
and in varying combination with the carbon arc 
lamp. The floodlights are now in use in several 
studios, including British Lion (Shepperton), 


Fig. 19.—Experimental 10 kW spotlight. 


Gainsborough (Shepherd’s Bush and Islington) 
and Ealing Studios. They have proved popular 
in many ways with both lighting engineers and 
camera crews. The most welcome features are 
simplicity of maintenance, steadiness and silence. 

It is not suggested, however, that the final stage 
is even in sight: improvements in the visual 
colour are desirable, particularly with the lower 
wattage lamps ; lamp design is still progressing, 
and the performance of larger lamps is being 
studied. Improvements in the design of existing 
equipment and completely new designs will be 
worked out. It can be said, nevertheless, that 
experience up to the present time suggests a 
very wide future for the compact source lamp 
in the film industry. 
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DIAMOND DIES FOR WIRE DRAWING". 


By the late Sir Clifford Paterson and R. E. Leeds (Research 
Laboratories). 


Research, Vol. I, No. 1, October 1947. 
The shortage of diamond wire-drawing dies 
which occurred shortly after the outbreak of 
the second World War, led to research and de- 
velopment on diamond die production. These 
dies can be used for drawing lamp or valve 
wires. 


rHE RESEARCH LABORATORIES OF THE 
GENERAL ELECTRIC COMPANY LTD.* 


By _ late Sir Clifford Paterson (Research Laboratories). 
j . Roy. Soc.. A., Vol. 191, 1947. 


The objectives of the Research Laboratories, 
its staff structure and many other features are 
described. A short survey of some of the 
work carried out at the Laboratories is 
included. 


I.E.E. RADIOCOMMUNICATIONS 
CONVENTION. 
EXPERIMENTAL STUDIES OF THE PROPA- 


GATION OF VERY SHORT RADIO WAVES.* 


By E. C. S. Megaw (Admiralty Signal Establishment, for- 
merly with G.E.C.—-M.O.V. Research Group. 


Jour I.E.E., Vol. 93, Part IIIA, No. 1, 1946. 

A survey of the experimental work on the 
propagation of very short waves and especially 
centimetre waves, carried out in this country 
during the war. Some simple theoretical 
characteristics are described to provide a 
background for the experimental results given. 
Data on the reflection from sea and land, and 
on the effect 6f obstacles, are also included. 








VISIBILITY OF CATHODE-RAY-TUBE 
TRACES IN RADAR DISPLAYS.* 


By R. G. Hopkinson | re ew om ‘ 
Jour 1.E.E., Vol. 93, Part IIIA, >, 1946 


The use of the rs ar Sah tube to display 
radar information has given it a special signi- 
ficance in radar design. The problem of the 
visibility of cathode ray tube traces has therefore 
been investigated with a view to improving 
cathode ray tube design, and information has 
been collected on the visibility of signals of 
different shapes and sizes seen against uniform 
and non-uniform backgrounds. 


THE HIGH-POWER PULSED MAGNETRON : 
DEVELOPMENT AND DESIGN FOR RADAR... 


By W. E. Willshaw, A. G. Stainsby and A. W. Balls (G.E.C. 
M.O.V. Research Group), and L. Rushforth, R. Latham 
and A. H. rrr (Research Laboratories of B.T.H., Rugby). 


Jour TLE.E. Vol. 93, Part IITA, No. 5, 1946. 

The development of the multiple-circuit 
magnetron from the time of the first manufac- 
tured design, up to the present day, is de- 
scribed. The principles underlying magnetron 
design and operation are given, together with 
detailed constructional features of particular 
interest. 


THE HIGH-POWER PULSED MAGNETRON : 
A REVIEW OF EARLY DEVELOPMENTS.’ 
By E. C. S. Megaw (G.E.C..-M.O.V. Research Group). 
JourJt.E.E., Vol. 93, Part IIIA, No. 5, 1946. 
Following an outline of the main trend of 
magnetron development before the war, the 
events leading to the development of the first 
high-power pulsed magnetron for a wavelength 
of ten centimetres in June 1940 are described. 


THE PHOTOGRAPHY OF CATHODE-RAY- 
TUBE TRACES.* 


By R. G. Hopkinson (Research Laboratories). 

Jour I.E.E., Vol. 93, Part IIIA, No. 5, 1946. 
Information on the properties of luminescent 
materials for use as cathode-ray-tube screens 
for photographic cathode-ray oscillograph 
tubes was obtained. Only in extreme cases 
is a combination of a special screen and 
emulsion justified. 


AN EXAMINATION OF CATHODE-RAY- 

TUBE SCREEN CHARACTERISTICS.’ 

By R. G. Hopkinson (Research Laboratories). 

Jour.1.E.E., Vol. 93, Part ILA, No. 5, 1946. 
General problems of screen design are dealt 
with, except for the problems of afterglow. 
The approach has been photometric. A study 
of the optical properties of screens was under- 
taken, with reference to methods of measuring 
and specifying screen thickness, and to the 
effect of the texture of the screen upon its 
value as a radar indicator. 


* A limited number of reprints is available ; copies may be obtained 2 \gpaprcc 


to the Editor, G.E.C. Journal, Magnet House, Kingsway, W.C 
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lamp carriage. This is not difficult with the 
cathode lead, which may be of flexible cable 
covered with fish-spine beads, but the anode 
lead must also convey the starting pulse and 
requires insulation equivalent to about | inch 
of air, which is impracticable with a loose 
flexible lead. The solution adopted is 
the use of a hinged link carried on re- 
fractory insulators, one end of the link 
ending in a stud to which the lamp lead 
is connected, and the other passing 
through the back of the housing into 
the external chamber containing the 
pulse generator. 

The experimental spotlight is fitted 
with interlocks to prevent damage to 
the lamp, of the same nature as those 
already described for the 2} kW lamp. 
In addition, a mechanical interlock can 
be arranged to prevent the door from 
being opened while the main switch is 
on. The purpose is twofold; to 
prevent inadvertent contact with the 
H.T. pulse and to ensure that the lamp 
attendant cannot expose himself to 
the erythemal U.V. radiation. Special 
care is needed over the second point, 
since studio personnel are in the habit 
of exposing their hands or faces for 
short periods to the H.I. carbon arc ; a similar 
exposure to the 10 kW compact source lamp 
would be dangerous to sensitive skins. 


FILM-MAKING WITH THE COMPACT 
SOURCE LAMP. 


The G.E.C. has been fortunate in obtaining 
the ready co-operation of the cinema industry, 
and many of the theoretical considerations and 
design problems discussed above have been 
worked out in conjunction with Technicolor 
Ltd., and with studio personnel. Early test 
films made at the Research Laboratories with 
compact source lamps in experimental housings 
showed that the colour rendering was good 
enough to allow mixture of the mercury- 
cadmium lamp with the H.I. carbon arc without 
the formation of colour shadows ; this was an 
important result, since it was out of the question 
to supply enough equipment to replace carbon 
arc equipment completely on any but the smallest 
sets. The unit most urgently required by the 
studios was a floodlight for lighting backcloths 
and softening shadows, and the first fittung 
developed was therefore the ““ Compact ”’ flood- 
light described above. Fifty of these floodlights 
were used in a large-scale test at the Shepperton 
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studio of the British Lion Studio Co., Ltd. 
It was possible to make a thorough investiga- 
tion of their performance for a variety of purposes 
and in varying combination with the carbon arc 
lamp. The floodlights are now in use in several 
studios, including British Lion (Shepperton), 





Fig. 19.—Experimental 10 kW spotlight. 


Gainsborough (Shepherd’s Bush and Islington) 
and Ealing Studios. They have proved popular 
in many ways with both lighting engineers and 
camera crews. The most welcome features are 
simplicity of maintenance, steadiness and silence. 

It is not suggested, however, that the final stage 
is even in sight: improvements in the visual 
colour are desirable, particularly with the lower 
wattage lamps ; lamp design is still progressing, 
and the performance of larger lamps is being 
studied. Improvements in the design of existing 
equipment and completely new designs will be 
worked out. It can be said, nevertheless, that 
experience up to the present time suggests a 
very wide future for the compact source lamp 
in the film industry. 
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Laboratories). 


Kesearch, Vol. I, No. 1, October 1947. 
The shortage of diamond wire-drawing dies 
which occurred shortly after the outbreak of 
the second World War, led to research and de- 
velopment on diamond die production. These 
dies can be used for drawing lamp or valve 
wires. 


rHE RESEARCH LABORATORIES OF THE 
GENERAL ELECTRIC COMPANY LTD.* 


By the late Sir — Paterson (Research Laboratories). 
Proc. Ro yy. Soc.. A., Vol. 191, 1947. 


The beside of the Research Laboratories, 
its staff structure and many other features are 
described. A short survey of some of the 
work carried out at the Laboratories is 
included. 


I.E.E. RADIOCOMMUNICATIONS 
CONVENTION. 
EXPERIMENTAL STUDIES OF THE PROPA- 


GATION OF VERY SHORT RADIO WAVES.* 


By E. C. S. Megaw (Admiralty Signal Establishment, for- 
merly with G.E.C.—-M.O.V. Research Group. 


Jour I.E.E., Vol. 93, Part IIIA, No. 1, 1946. 

A survey of the experimental work on the 
propagation of very short waves and especially 
centimetre waves, carried out in this country 
during the war. Some simple theoretical 
characteristics are described to provide a 
background for the experimental results given. 
Data on the reflection from sea and land, and 
on the effect 6f obstacles, are also included. 








VISIBILITY OF CATHODE-RAY-TUBE 
TRACES IN RADAR DISPLAYS.* 


By R. G. eer (Research Laboratories). 
Jour 1.E.E., Vol. 93, Part IIIA, No. 5, 1946. 


The use of the cathode-ray tube to display 
radar information has given it a special signi- 
ficance in radar design. The problem of the 
visibility of cathode ray tube traces has therefore 
been investigated with a view to improving 
cathode ray tube design, and information has 
been collected on the visibility of signals of 
different shapes and sizes seen against uniform 
and non-uniform backgrounds. 


THE HIGH-POWER PULSED MAGNETRON : 
DEVELOPMENT AND DESIGN FOR RADAR... 
By W. E. Willshaw, A. G. Stainsby and A. W. Balls (G.E.C. 
M.O.V. Research Group), and L. Rushforth, R. Latham 
and A. H. King (Research Laboratories of B.T.H., Rugby). 
Jour I.E.E. Vol. 93, Part IITA, No. 5, 1946. 
The development of the multiple-circuit 
magnetron from the time of the first manufac- 
tured design, up to the present day, is de- 
scribed. The principles underlying magnetron 
design and operation are given, together with 
detailed constructional features of particular 
interest. 


THE HIGH-POWER PULSED MAGNETRON : 
A REVIEW OF EARLY DEVELOPMENTS.’ 
By E. C. S. Megaw (G.E.C.—-M.O.V. Research Group). 
Jour.1.E.E., Vol. 93, Part IIIA, No. 5, 1946. 
Following an outline of the main trend of 
magnetron development before the war, the 
events leading to the development of the first 
high-power pulsed magnetron for a wavelength 
of ten centimetres in June 1940 are described. 


THE PHOTOGRAPHY OF CATHODE-RAY- 

TUBE TRACES.* 

By R. G. Hopkinson (Research Laboratories). 

Jour I.E.E., Vol. 93, Part IITA, No. 5, 1946. 
Information on the properties of luminescent 
materials for use as cathode-ray-tube screens 
for photographic cathode-ray oscillograph 
tubes was obtained. Only in extreme cases 
is a combination of a special screen and 
emulsion justified. 


AN EXAMINATION OF CATHODE-RAY- 

TUBE SCREEN CHARACTERISTICS.* 

By R. G. Hopkinson (Research Laboratories). 

Jour. 1.E.E., Vol. 93, Part IIIA, No. 5, 1946 
General problems of screen design are dealt 
with, except for the problems of afterglow. 
The approach has been photometric. A study 
of the optical properties of screens was under- 
taken, with reference to methods of measuring 
and specifying screen thickness, and to the 
effect of the texture of the screen upon its 
value as a radar indicator. 


* A limited number of reprints is available ; copies may be obtained on application 


to the Editor, G.E.C. Journal, Magnet House, Kingsway, W.C.2. 
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CRYSTAL VALVES.’ 

By B. Bleaney (Clarendon Laboratory, Oxford), and J. W. 
Ryde (‘Research Laboratories), and T. H. Kinman(Research 
Laboratories of B.T.H., Rugby). 

Jour.1.E.E., Vol. 93, Part IIIA, No. 5, 1946. 


The early development of the modern crystal 
rectifier as used for the frequency convertor 
or mixer in centimetre wave radar equipment 
is dealt with. The high-frequency perform- 
ance of the crystal and methods of testing it 
are described, together with some applications 
of the crystal as a detector. 


TRIODES FOR VERY SHORT WAVES— 
OSCILLATORS.* 

By J. Bell, M. R. Gavin, E. G. James and G. W. Warren 
(G.E.C.-M.O.V. Research Group). 

Jour 1.E.E., Vol. 93, Part ITITA, No. 5, 1946. 


The excitation of triode oscillators is dealt 
with and the limitations of conventional cir- 
cuits are discussed. The evolution of trans- 
mitting triodes for radar and of local oscilla- 
tors for reception is described. Some of the 
problems associated with testing and specifica- 
tions are summarised. 





LABORATORY TECHNIQUES IN SOLVING 
WARTIME VISIBILITY PROBLEMS (357).* 
By W. R. Stevens, and J. M. Waldram (Research Labora- 
tories}. 

Proceedings of the I.E.S. Convention, 1946. 


Wartime visibility problems involved seeing 
or projecting light over great distances, with a 
specific or critical visual task in conditions 
near the limit of visibility. Possible methods 
for solving such problems are discussed. The 
authors advocate an “ analysis-synthesis ” 
approach, compounded of calculation and 
laboratory experiment. Solutions to five 
different problems are discussed, each of which 
illustrates a different approach. 


THE DESIGN OF STUDIO LIGHTING 
FITTINGS (361).’ 
By F.S. Hawkins and W. R. Stevens (Research Laboratories). 


Journal of the British Kinematograph Society, January-February 1947. 
The general principles underlying the design 
of cinema studio lighting fittings are dis- 
cussed. 


THE DISTORTION OF FREQUENCY MODU- 
LATED WAVES BY TRANSMISSION NET- 
WORKS (364).’ 

~~ " a agg eine gag Laboratories). 


A general solution to the problem of calculat- 
ing the distortion of the instantaneous fre- 
quency of a frequency-modulated wave in 
passing through a transmission network is 
obtained by a direct operational method. 


October, 1948 : 


Approximate formulae for the cases of large © 
and small deviation ratios are derived and | 
numerical examples calculated. | 


SOME RECENT DEVELOPMENTS IN TECH- 
NIQUE OF RADIO VALVE MANUFAC- © 
TURE (366)* : 
By J. W. Davies, H. W. B. Gardiner and W. H. Gomm =| 


(Research and Engineering Staff of the M.O. Valve Co., Ltd., © 
at the M.O. Valve Works, Hammersmith and the Research — 


Laboratories of The General Electric Co., Ltd.) Institution 


of Mechanical Engineers. 


The principles of construction, the materials * 
used and the forms and types of various com- 
ponents of radio valves are discussed. Notes © 
on the machines used are given, as well as 
particulars of the assembly processes. 


THE LUMINOUS EFFICIENCY OF THE HIGH- — 
PRESSURE MERCURY-VAPOUR DISCHARGE 
(367).* | 

By V. J. Francis, G. G. Isaacs, and E. H. Nelson (Research 

Laboratories). 

Phil. Mag., Ser. 7, Vol. XX XVII, p. 789, November, 1946. 
Experimental evidence is produced to show 
that it is likely that the maximum luminous 
efficiency obtainable with the high-pressure 
mercury-vapour discharge 1s in the neighbour- ~ 
hood of 85 lumens per watt. This is consistent | 
with what is expected from fundamental 
considerations. . 


THE EFFECT OF HEAT TREATMENT IN 

DIFFERENT ATMOSPHERES ON THE 

i ag a IN TUNGSTEN-TO-GLASS SEALS 

* 

By M. Manners (Research Laboratories). 

Transactions of the Society of Glass Technology, 1946, Vol. 30, p. 317. % 
A study of the effect of heat treatment in air © 
and hydrogen on the longitudinal stress at the 
glass-to-metal boundary of cylindrical single 
wire seals, and determinations of the relation- 
ships between (a) stress and time, and (5) stress 
and temperature for “oxide” and “ oxide- 
free ”’ seals. 


THE HIGH-PRESSURE MERCURY-VAPOUR 
DISCHARGE ANDITS APPLICATIONS (374).* 
By V. J. Francis and W. R. Stevens (Research Laboratories). 
Jour I.E.E., Vol. 94, Part II, No. 41, October, 1947. 
A brief review of the development of the high- 
pressure mercury-vapour lamps and their 
applications. The present position is con- 
sidered with regard to the understanding of the 
properties of the discharge itself and the 
applications to lighting. The ultimate possi- 
bilities of the discharge from the point of view 
of efficiency and colour are discussed. 


* A limited number of reprints is available ; copies may be obtained on application 
to the Editor, G.E.C. Journal, Magnet House, Kingsway, W.C.2. 











